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PREFACE 


In 1859 Charles Darwin (1809-1882) published The Origin of Spates in winch he 
organized numerous well-observed facts and presented a synthesis which documented 
the theory of evolution in a unique manner On July 1, 1858 he had already presented 
a joint paper along with Alfred Russell Wallace (1822-1913) before the Li:macan Society 
of London embodying the theory of evolution ofwhichthc struggle for existence, varia- 
tion and natural selection of variations were the three principal factors The Orient of 
Spaus paved the way for the general acceptance of the fact of evolution It provided a 
new understanding of life and the planet on which the drama of life is being enacted 
Man’s place among living organisms was indicated It clarified what was obscure and 
simplified a vast maze of facts which fell into a new pattern The publication of The 
Origin of Speaes was a great event m the history of human thought Since then evolution 
became the hey idea m Biology and ultimately it extended into the realm of the inorganic 
How particles of energy organize into atoms and atoms into elements, is the saga of 
Physics and Chemistry How the Solar System with the sun and ns planets evolved from 
a gaseous nebuh is a part of the same saga Now it is realized that evolution is an all— 
pervading process which has resulted in forms with a higher organization than their 
predecessors Organisms have changed m the course of history of the earth and this change 
has been generally progressive 

All great generalizations have a parentage of antecedent thought and observation 
and the theory of evolution is no exception to the rule Sir Charles Ly ell the geologist 
had already stated m 1832 in his Principles of Geology that the age of the earth was to be 
calculated in nutfions of years This provided die time span which was needed to explain 
the evolution of species from lower to higher levels of organization and incidentally 
exploded the Jcwjsh-Chrismn myth that the world was created in 4004 b c That Lycll 
had also realized that life has evolved is indicated by the following excerpt from a letter 
which he wrote m 1836 to Sir John Herschcl 

“When I first came to the notion of a succession of extinction of species, and 
creation of new ones, going on perpetually now, and through an indefinite period of the 
past, and to continue for ages to come all in accommodation to the changes which must 
continue m the inanimate and habitable earth the idea struck me as the grandest which 
I had exer conceived, so far as regards the attributes of the Presiding Mind ’ In 1838 
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Charles Darwm read Thomas Malthus essay On Pepnfafion m which Mahhus had stated 
that human population tended to increase faster than its food supply, resulting m a struggle 
for existence It gave him the idea of natural selection as a result of the struggle for existence 
and the survival of the fittest 

Charles Darwin’s grandfather Erasmus Danvin(1731-1807) had ahead) propounded 
in his Zoonomia that all animals undergo transformation "The world has been evolved, 
not created ’ he observed "It has arisen little b> little from a small beginning, and has 
increased through the activity of the elemental forces embodied in itself, and so has rather 
grown than suddcnl) come into being at an almighty word ” He further believed in the 
inheritance of acquired characters 

Sir Gavm dc Beer states that the concept of evolution in its modem sense is french 
in origin The term ‘evolution* was used for the first time in its modem meaning by 
Etienne Gcoffro) Saint-Hdairc m his A itmotre sur Ics Sat mens de Caen, published in 1831 
He regarded environmental influence as the sole cause of evolution He also anticipated 
Hugo dc Vnes by holding that change from one species to another might be by saltations 
Before lum Jcan-Baptistc dc Monet dc Lamarck (1744-1829) while classifying plants 
and animals in the Museum National dcl’-Histotre Naturellc, Pans, concluded that 
spcacs could be linked m find) graded senes He gave the conception of phylogeny or a 
tree of life He constructed a s>stcm m the form of a genealogical tree, begmrung with 
the Protozoa and ending with man himself, with branchings indicating the common 
origins of diverse groups of animals He also gave the name of Biology to the science 
which concerns itself with living things Lamarck’s P/iifosplne Zoologique published m 
1809 contains his final statement upon his evolunonary hypothesis which is based on 
the inheritance of acquired characters 

The principal factors in Darwin’s theory of the origin of spcacs arc the struggle 
for existence, variation, and natural selection of those vananons which arc better adapted 
than others to the environment and the ecological conditions m which the individuals 
of the spcacs live Natural selection operates automatically letting through the best adapted 
and rejecting the others 

There arc three primary questions regarding evolution Is evolution a fact, and if so, 
how and vvh) docs it take place ? The greatest contnbution of Darwin lies in proving 
that it is a fact He marshalled evidence regarding comparative anatomy, embryology, 
geographical distribution of plant and animal spcacs, and abov e all palaeontolog) 
Palaeontology was then an infant science and the geological record was notable for gaps 
Commenting upon its imperfection Danvm observed m 1859, "I look at the natural 
geological record as a history of the world impcrfecti) kept, and written in a changing 
dulcet, of this histor) we possess the last volume alone, relating only to two or three 
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countries. Of this volume only here and there a short chapter has been preserved; and 
of each page, only here and there a few lines/' Since then, on account of extensive explora- 
tion the world over, a number of gaps have been filled. We have now more comprehensive 
data on the evolution ofthchorsc, thcclcphant, the camel, the rhinoceros and man. Further, 
the application of the Carbon-14 method of dating for geological strata has made it 
possible to measure the speed of evolution. Thus it took tw o million )cars for the transition 
from one species to another in the phytogeny of the horse, and 60 million years to trans- 
form a mammal of the size of a sheep into the horse. 

As regards the mechanism of evolution, Darwin in his theory of the natural selection 
of hereditary variations gave a plausible explanation which lias been amended only in 
detail with the progress of science, particularly as to the role of chromosomes as the 
bearers of heredity, as later discovered by Mendel and subsequent!) refined b) numerous 
geneticists. 

The third question relates to the cause of evolution. Why docs evolution take place i 
Nobody has been able to provide an answer to this question Moreoscr, here we stray 
into the realm of philosophy. In this book, we arc more concerned with the fact of 
evolution as revealed by geology, palaeontology and palacobotany. An astonishing array 
of facts have been revealed by modem research regarding the past history of the earth 
and the life it supported through the ages. 

My interest m the subject of Evolution of Life was greatly stimulated by the writings 
of Dr D. N. Wadia, doyen of Indian geologists, and at present Mineral Adviser to the 
Government of India, to whom rim book is dedicated. I recall with pleasure many 
hours spent m his pleasant company discussing the problems of Gondwanaland and the 
birth of the Himalayas. I felt that the mformauon about the geological past of India 
winch he had given in his popular papers and pamphlets was so important that it should 
reach all educated Indians. In the books available on tins subject, it is die fossils of Europe 
and* Amend w iVitnV rfganr jmsrninnraY* •‘SVn’mY .mu 1 ihuhnv gwibgiviy ihrvir idjmr x 
good deal of ssork in exploring the fossils oflndia, but unfortunately much of this know* 
ledge has remained buried mthcjoumals and memoirs of the Geological Survey of India. 

It was the realization of this fact that led to the writing of this book. Though the idea 
of this project has been m my mind since 1940, the immensity of the task and ns intricate 
nature was a deterrent. 

An opportunity came in 1961 sv hen I was appointed Adviser to the Planning Commis- 
sion, on Natural Resources and Scientific Research. This position put me officially m 
touch with all scientific organizations in India including the Council of Scientific A 
Industrial Research, the Geological, Botanical, Zoological and Archaeological Surveys of 
India, the Oil and Natural Gas Commission and the Bubal Sahm Institute of Palacobotany. 
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On. May 1, 1963, I suggested to Dr Husain Zahecr, the then Director-General, 
Council of Scientific &. Industrial Research that a book be published by the Conned 
giving an account of the evolution of life with reference to the background of the geology 
of the Indian sub-continent He accepted this request with his characteristic magnanimity . 

On August 19, 19G4, 1 was appointed Chairman of a committee which among others 
included MrJagjit Singh, Dr A K Dey and Dr Vishnu Mittre Mr Jagjit Singh is General 
Manager of the South Eastern Railwa\, Calcutta, and is deeply interested in physics, 
astronomy and mathematics He won the UNESCO Kahnga Prize for science populariza- 
tion m 1963 Dr A K Dey was Superintending Geologist, Geological Survey of India 
for a long time and was associated with me as Mineral Adviser m the Natural Resources 
Division of the Planning Commission He specializes in the palaeontology of India and is 
the author of Minerals of India, an authoritative text on the subject Dr Vishnu Mittre 
is a palacobotamsi, working in the Birbal Sahm Institute of Palacobotany, Lucknow, and 
has a large number of papers on this subject to his credit 

When four authors collaborate, their contribution is hound to be unequal Mr Jagjtt 
Singh contributed the first four chapters which deal with the universe and its origin, 
stellar evoluuon, the solar system, and the question of possible life in other worlds The 
task of planning the rest of the book, selection and organization of illustrations, fell upon 
me Its nucleus is to be found in a senes of articles descnbmg the evolution of life from 
the Archacozoic to the Jurassic Penod which I wTote for the journal Eteryday Scicuct 
m 1952, The account of the ongrn of life (pp 39-53) in the chapter on the Archacozoic Era 
has been provided by Dr M S Swammatban, wbo is a well-known geneticist, and is at 
present Director of the Indian Agricultural Research Institute, New Delhi The sutyect 
of vegetation in the chapters dealing with the Cretaceous and Ternary Periods has been 
the responsibility of Dr Vishnu Mittre He has also amplified the descnptions of fossil 
plants in the earlier chapters Dr A K Dey has provided an account of animal fossils as 
well as of palaeogcography and geology from the Cretaceous to the Tertiary Chapters 
twenty one to twenty four and the resume have been written by me 

Usually books on the csolution ofhfe end with the emergence of man Here I have 
adopted a different approach, and apart from discussing die evolution of man m the light 
of the most recent findings of research, I have also explained the evolution of his material 
culture up to the Chalcohthic age This is necessary so that the evolution of man and his 
culture is firmly linked w ich the evolution of his animal ancestors Moreover, the findings 
of modem archaeology, assisted by the Carbon-1 4 dating method and by palynology, 
about man’s material progress, such as the domestication of plants, arc as spectacular as 
those of geology Besides I felt it necessary to provide history with the perspective of 
geological tune so that historians realize how bnef is the span of human history. When 
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one considers the vicissitudes through which living beings have passed m the long geo- 
logical history of the earth, the troubles which the present generation is facing seem 
insignificant The findings of geology provide a new background to human history 
and impel us to discard the old ideas of the golden age in the past, for it has been shown 
that the material environment of man has progressively improved through the ages and 
the consumer goods which are now enjoyed by the common man were not available 
even to kings in the past It is felt that this approach will provide the necessary corrective 
so that history is not over-laden with inconsequential details about kings and their wars 
and they attempt to give us a history of man and his culture 

The structure of the chapters is as follows Firstly an account is given of the geology 
and distribution of the rocks of the period m other parts of the world followed by a 
description of their occurrence in various parts of India as well as their characteristics 
Then follows a brief statement of the relevant palacogcography, giving the configuration 
of continents m that particular period as well as an account of climate This is succeeded 
by a description of important plant fossils with a resume of the advances made m plant 
life Dually, a review is presented of animal fossils, ending with a brief mention of major 
evolutionary advances 

The text is copiously illustrated with maps revealing the configuration of continents 
in the past, distribution of rocks in India, palaeoscapes showing plant and animal life, 
and photographs of rock exposures or sections of geological interest and fossils A number 
of illustrations are original Most of these have been provided by the Indian Council of 
Agricultural Research, an organization of which I was the Chief during 1955-1960 

It is for the first tune that such a synthesis is presented for the benefit of readers in 
India and of those m adjoining countries who share their past with her The facts are not 
new but the synthesis is It is here that the importance of this book lies Its aim is to portray 
the evolution of life and man to readers in this country, no longer as a remote phenomenon 
but as one which they can understand and appreciate from the fossils, rocks and vegetation 
of their own country It should also promote a better uuderstanduig of mountains, rivers, 
soils, vegetation and fauna of India 

Considering the magnitude of the task, none could be more aware of the imperfec- 
tion. of this synthesis than the editor and the prmctpal author In such a work it is as 
important to decide what should be omtttcd as what should be included My effort has 
been to provide an account of the past history of this planet and the life it supports as 
succinctly as possible, so that the mam picture of evolutionary advances in plant and 
animal life is not blurred by unnecessary detail I also had the requirements of the non- 
speciahst reader in view, so that this knowledge, which has so far been the preserve of 
the specialist, reaches him At the same time my concern has been to provide an account 
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tion in 1963 Dr A K Dc> was Superintending Geologist, Geological Survey of India 
for a long time and was associated with me as Mineral Adviser m the Natural Resources 
Division of the Planning Commission He specializes m the palacontolog) of India and is 
the author of Minerals of Indn, an authoritative tc\t on the subject Dr Vishnu Mittre 
vs a palacobotamst, working in the Bubal Sahm Institute of Palacobotaity, Lucknow, and 
has a large number of papers on this subject to Ins credit 

When four authors collaborate, their contribution is bound to be unequal Mr Jagjit 
Singh contributed the first four chapters which deal with the universe and its origin, 
stellar evolution, the solar system, and the question of possible life an other worlds The 
task of planning the rest of the book, selection and organization of illustrations, fell upon 
me Its nucleus is to be found m a senes of articles desenbing the evolution of life from 
the Archacozoic to the Jurassic Period which I wrote for the journal Et eryday Sen net 
m 1952 The account of the ongrn of life (pp 39-53) m the chapter on the Archacozoic Era 
has been provided bj Dr M S Swaminathan, who is a w ell-known geneticist, and is at 
present Director of the Indian Agricultural Research Institute, New Delhi The subject 
of vegetation m the chapters dealing with the Cretaceous and Tertiary Periods has been 
the responsibility of Dr Vishnu Mittre He has also amplified the descriptions of fossil 
plants m the earlier chapters Dr A K Dey has provided an account of animal fossils as 
well as of palacogcography and geology from the Cretaceous to the Tertiary Chapters 
twentyone to twenty four and the resume have been written by me 

UvoaViy books on ike evoVemon of Me cni with the emergence of man Here 'i have 
adopted a different approach and apart from discussing the evolution of man in the light 
of the most recent findings of research, I have also explained the evolution of his material 
culture up to the Chalcohthic age This is necessary so that the evolution of man and his 
culture is firmly linked with the evolution of his animal ancestors Moreover, the findings 
of modem archacolog) , assisted by the Carbone-14 dating method and b) palynology, 
about man’s material progress, such as the domestication of plants, arc as spectacular as 
those of gcolog) Besides 1 felt it necessary to protide history with the perspective of 
geological time so that historians realize how brief is the spn of human history. When 



PREFACE 


XI 


one considers die vicissitudes through which living beings have passed m the long geo- 
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India and of those in adjoining countries who share their past with her The facts arc not 
new but the synthesis is It is here that the importance of this book lies Its aim is to portray 
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tion of this synthesis than the editor and the principal author In such a work tt is as 
important to decide what should be omitted as w hat should he included My effort has 
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the specialist, reaches him At the same time my concern has been to provide an account 



EVOLUTION OF LIFE 


XII 

of the evolution of life, which while gcncrahacd and simplified, should none the less 
command the respect of experts How far m) colleagues and I have succeeded m this task 
is foe the reader to judge I earnestly hope that persons who arc better qualified than us 
will in due course, improve upon this text so that it becomes more authentic It would 
also be worthwhile to cull out a general simplified account of the evolution of life from 
this book and to translate it into the regional languages offndia so that this most essential 
knowledge reaches a wider audience This is particular!) necessary m a country of which 
the greater part of the population is still clinging to the past and is steeped in ignorance 
and superstition 

Success in a venture such as this depends upon co-operation at the international is 
well as the national level I have been fortunate m receiving generous co-operation from 
many quarters Most of the illustrations for the first two chapters base been given b) 
the Mt Wilsonand Palomar Observatories, USA The American Embassy in Ness Delhi 
provided photographs of the surface of the moon and of Mars The Embassy of the 
USSR, New Delhi gave a picture of the dark side of the moon taken by their Zond III 
Through the kind intervention of Prof John Kenneth Galbraith the American Museum 
of Natural History, New York, the Chicago Natural History Museum, and the Buffalo 
Museum of Science, New York, supplied photographs of palacoscapcs which have 
greatly added to the value of this book The Geological Survey of India (GSl) loaned 
photographs of animal fossils as well as of rock sections from different parts of India 
Mrs Savitn Sahni, President of the Birbal Sahm Institute of Palacobotany, Lucknow, 
generously gave photographs of the type fossils of plants m the collection of the Instimtc 
as well as of some of the palacoscapcs I am also indebted to the Geology Department of 
the Panjab University, Chandigarh, for the photographs of the Snvahk mammalsm their 
collection The Indian Council of Agricultural Research as well as the Forest Research 
Institute, Debra Dun gave photographs of vegetation types Mr B B Lai, Director 
of the Archaeological Survey of Indta, extended his whole-hearted co-operation to me 
by allowing the use of maps showing the spread of pre-histone cultures, and by giving 
photographs of stone and copper implements discovered m India My thanks arc also due 
to all the publishers and authors who have allowed me to use illustrations published in 
their books These have been acknowledged m the captions as well as in the lists of plates 
and figures I am particularly grateful to UNESCO for allowing me the vise of illustrations, 
maps and charts from their publication, History of Mankind, Vol 1, Prehistory and the 
Beginnings of Cn ihzatiott by Jacquetta Hawkes and Sir Leonard Woolley (London 1963) 
For the account of the evolution of man and his material culture I have mainly relied on 
this book My indebtedness to Prof J D Bernal for his excellent Science m History 
is obvious I am grateful to Dr Atma Ram the present Director-General of the Council of 
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Scientific A Industrial Research, for his support to this project I also record my gratitude 
to Messrs S B Deshaprabhu and R C Sawhney for the pains they have taken in the 
production of this book, and to Dr S R K Chopra, Professor of Anthropology and 
Dr G P Slnrma, Professor of Zoology, Panjab University, Chandigarh, for reading the 
proofs and giving many helpful suggestions 


Chandigarh M S Randiiawa 

January 29, 1969 
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CHAPTER ONE 


THE UNIVERSE AND ITS ORIGIN 


The origin of the universe, the central problem of cosmology, is a primeval mystery that 
■will take long to divine Nevertheless, modem cosmologists have begun to formulate 
at least provisional answers to this ancient human enigma by piecing together a large body 
of observational data by means of astrophysical and mathematical reasoning The wonder 
is not that the answers given are in flat contradiction with one another but that there are 
any answers at all no matter how provisional or contradictory Before we record some of 
them here, let us pull die veil of heavens aside to see what there is in the universe Looking 
out into the depths of space from our earthly abode, we sec the moon a little more than a 
second away, and the sun about eight mmutes Here, as is customary in such cases, we 
reckon distances not in miles but in terms of the rime their light, moving at the rate of 
186,000 miles a second, would take to reach us Farther away, within distance ranges 
varying from a few light mmutes to a few light hours, we may spot the planets of our 
solar system, whose remotest member, Pluto, is about five light hours away (Pi 1, A) 

Beyond the solar s) stem, there are the fixed stars— “fixed” because they are so remote 
from us that their own motion does not materially affect their apparent position in the 
sky as seen by us These stars are bodies more or less resembling our own sun but immense- 
ly remote from us and from one another In the neighbourhood of our sun they arc, 
on the average, about 5 light years distant from their nearest neighbours, but as one 
goes in toward the centre of the galaxy the stars are much more crowded together 
and may, indeed, be separated from each other by no more than a fraction of a light 
}car 

Most of the stars we see seem to be concentrated in a bright band of light called the 
Milky Way The reason for this concentration of stars in one particular region of the sky 
is that we are located in a huge group of stars that is shaped like a giganne wheel or disc 
as shown in Pi 1,B The diameter of this disc is about 90,000 light years, but it is only 
3000 light years thick near its outer nm, m our neighbourhood, though it is about five 
times tlucher at its centre Hence, when we look along the radius of the disc, that is, along 
die galactic plane we arc looking in a direction that is studded with stars along a line thirty 
times as long as when we look in die perpendicular direction, that is, m die direction of 
its thickness or the galactic poles of the Milky Way (fig 1) Surrounding the disc and 
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extending to distances about three tunes its radius is a great diffuse halo of stars This huge 
system is known as the galaxy. 

The galaxy, however, is no mere collection of stars sprinkled over immense distances 
New techniques of observation, like those of radio astronomy, have now shown 
conclusively that it is pervaded by an extremely thin substratum of invisible interstellar 
matter in the form of cosmic dust and gas of exceedingly low density Earlier astronomers 
who observed the Milky Way during the fust thirty years of the present century had no 
means of detecting it This is why they were haunted by this ghost of a material which 
while it could not be directly observed nevertheless made its presence felt in many 
indirect ways We now have thanks to radio astronomy, extremely powerful means of 
duectly observing these invisible interstellar gas clouds Thus, the major constituent of 
interstellar gas — neutral hydrogen — shows itself by the emission of radio noise emitted 
at 1420 megacycle frequency (21 cm wavelength) In fact, observation of 21 cm “radio 0 
radiation from the Milky Way has been so successful in revealing the presence of neutral 
hydrogen in interstellar space that the observations of 21 cm radio noise coupled with 
Oort’s theory of galactic rotation has given us a complete picture of the distribution of 
neutral atomic hydrogen in our Milky Way system It is now believed that the interstellar 
matter consists on the average of 1 per cent dust to 99 per cent gas, mostly neutral hydrogen 
atoms The total mass of interstellar matter in the galaxy is only 2 per cent of its total 
mass of about 100 billion suns This amounts to an average density of one atom per cc 
although there are many regions of denser concentrations where it may be ten to twenty 
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A PLANETS OF THE SOLAR SYSTEM, SHOWN ACCORDING TO THEIR RELATIVE SIZES AND 
ARRANGED IN ORDER OF THEIR DISTANCES FROM THE SUN 
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times greater Even these regions of comparatively high concentrations of interstellar gas 
are rarer than the most rarefied vacuum w e can create in an) laboratory But on the cosmic 
scale these vacua— regions of high concentrations — make their prescnceknown quite readily 
in the form of dark or luminous nebulae The former appear as dark patches interrupting 
the rich star fields that can be observed m the Milky Way even with a small telescope 
A ease in point is die Coalsack nebula near the Southern Cross This fact together with 
die appearance among them both of bright and dark patches and still darker globules 
shows that they arc real dark clouds rather than starless ‘holes” in heaven Indeed, 
astronomers have now devised waysof even measunng the absorptions, distances, and thick- 
nesses of these dark clouds, the dark nebulae, by measuring the apparent distances of 
stars both through a cloud and in a neighbouring field outside die cloud 

Luminous nebulae too are easily distinguished For while the stars always appear as 
more or less bright points both to the telescope and die naked eye, luminous nebulae look 
like diffuse nebulosities even on photographs taken with the largest telescopes These 
luminous nebulosities, the galactic nebulae, are of two main types First, there arc die 
irregular, diffuse nebulae which are sometimes drawn out in long filaments like the Net- 
work Nebula in Cygnus (Pi 2) Secondly, there are small disc-shaped symmetrical forma- 
tions like the Ring Nebula in Lyra, with well-defined edges similar to the images of the 
planets like Uranus and Neptune of our solar system (Pi 3) But they arc definitely not 
planets because they remain as fixed on the vault of the heavens as any of die fixed stars 
Nevertheless, their superficial resemblance to the planets has earned them the misleading 
name of planetary nebulae 

The galaxy with its stars, globules, nebulae, dust and gas clouds is by no means the 
end of what we can observe in die heavens. It is m fact merely the end of a new beginning 
For there are m the sky hundreds of billions of telescopic objects which also look like 
diffuse nebulae but diese arc situated far beyond the limits of the galaxy. Indeed, they 
arc themselves galaxies, diat is, immense conglomerations of stars and nebulae very similar 
to the galaxy in which our sohr system is located 

This completes the list of actors that according to the current school of cosmologists 
are concerned in the drama of die cosmos But it now seems bkcly diat the cosmic play 
they tried to produce may well be very much like Hamlet without the Pnnee of Denmark 
For among some of the radio sources, we have recently discovered, arc star-like objects 
called quasi-stats or quasi-stcllar radio sources or simply quasars Although in Size no more 
than ordinary stars, they are a hundred million times is heavy as die sun They radiate 
energy at i rate three hundred billion tunes that of the sun so that their power output 
exceeds that ofa giant galaxy They arc among the remotest objects in die universe hitherto 
identified Their discovery in 1962 caused considerable excitement m astrophysica! circles 
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as their behaviour is so curious that no theory is able to account for it. In particular, no 
known process of energy generation can sustain their prodigious outpounngs of radiation 
into space They are possibly among the remotest objects m the universe, hitherto identi- 
fied being situated at distances equal to several billion light jears at the very edge of our 
observable universe (Fig 2) 

Now seeing the universe of stars, nebulae, globules, galaxies, quasars, etc the natural 
question to ask is how did it all begin and how is it all gomg to end It is a quesnon that 
palaeolithic man asked as he looked at the star-spangled heavens and it has baffled the 
modem astrophysicist exploring the skj with giant optical and radio telescopes of today 
We do not yet know the answer But a convenient take-off point for our account of cos- 
mological speculations of toda> may well be Hubble’s astonishing discos ery about the 
galaxies Hubble showed some forty years ago that spectral lines emanating from all the 
distant galaxies are shifted towards the red end of the spectrum and that this red-end 
shift increases directly with distance Now a red-end shift of spectral lines of a celestial 
object means, according to the \\ cll-known Doppler interpretation, that it is receding from 
us Hubble’s observation therefore shows that all the distant galaxies arc moving away 
from us at velocities proportional to then distances from us (see Pi 4 and Bg 3) The 
detailed studies made b) Hubble and his collaborator Humanson led to what is now called 
Hubble’s law It is merely a statement that the recession velocity (v) of a distant galax) 
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24 Fig 5 Ongnal photo by A. R. Samlage) 
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Fig 3 Vnocm distance oust ros cmaxos (From Jjgjt Sngh 1961 Dover Pubbabam New York) 

increases in direct proportion to its distance (d) epitomized in the equation, v— Hd, H 
being a constant of proportionality known as Hubble’s constant. 

Consider any galaxy (G) at distance d t from us According to Hubble’s law it is reced- 
ing from us with velocity v, = Hd! If it has been doing so at this rate all the while, it would 
have travelled the distance d, from ns in time d 1 /v,= d 1 /Hd 1 =l/H In other words, 
at a definite epoch of time 1 /H } ears ago the galaxy G was at our present location Smce 
H is a constant, the same for all galaxies, what is true of the galaxy G holds equally for all 
of them It, therefore, follows that all the extant galaxies were practically coincident with 
our present position 1/H years ago Tins epoch of coincidence, when the universe was 
apparently in a state of unimaginably hyperdensc concentration with all its matter packed 
within apm-pomt, has been interpreted as the “creation” of the universe and die reciprocal 
(IJH) of Hubble’s constant as its * age” No doubt the inference we have sought to deduce 
from Hubble’s law presents at first encounter such senous conceptual difficulties that it is 
hard to swallow But it is precise! } such a “singular state of hyperdense concentration 
that was predicted by theory even before Hubble formulated his law For, at the time 
Hubble was making his observations the Russian mathematician Friedmann was applying 
Einstein’s relativity equations to solve the cosmological problem He showed that on the 
basis of Einstein’s relativity equations our actual universe could do only one of two things 
Starting from an initial state of hyperdense concentration of all ns material content within 
die eye of a needle such as Huhble's law seems to suggest, it wall either go on expanding 
or oscillating In one case die expansion goes on for ever In the other it oscillates, expand- 
ing in one phase and contracting m the other 
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We can in principle decide whether our universe conforms to the expanding or oscillat- 
ing model, in two ways First, we may extend Hubble’s observations to see whether or 
not his law of proportionate increase of recessional velocity with increasing distance 
continues to hold indefinitely or at any rate to the very threshold of our barcl) visible 
horizon But here, as Hubble himself justly remarked, our “knowledge fades” and we are 
obliged to “search among the ghostly errors of observations for landmarks that arc scared) 
more substantial”. The latest provisional finding of Sandage working on these lines is that 
the law of proportionate mcrease with distance holds, except possibly at the very limit of 
the observable universe where red-shifts are of the order of one-fifth the velocity of light 
and distances are of the order of a billion light years At tins point it seems that the red- 
shifts are getting longer than expected on the basis of Hubble’s law If the effect is real 
and correedy interpreted, it implies that the expansion is slowing This paradoxical result 
follows from the fact that the deeper we probe into mtergalactic space the farther back in 
time we see Thus, if the most distant galaxies are found to be receding faster than anticipat- 
ed on the basis of Hubble’s law, then expansion in our part of the universe has slowed 
down during the last billion years If so, our universe may well conform to the oscillating 
model 

Alternatively we can resort to theory to decide whether the expansion we observe at 
present will continue indefinitely or will slow down sufficiently to stop and reverse itself 
We can do so by comparing the kinetic energy of expansion with the potential energy 
of gravitational forces acting between the galaxies, exactly as we may decide whether a 
bullet fired vertically upwards will or will not escape from the gravitational pull of the 
earth If the former, that is, the kinetic energy of the expansion is greater than the potential 
energy of the gravitational forces, the expansion will never stop if not, expansion will 
peter out and reverse itself Calculation shows that the ratio 

Kinetic energy of expansion (k) _ 27 H 2 

Potential energy of gravitation (u) 200 nGp 

where Gis the constant of gravitation, p the average density of matter in the universe Now, 
of the four constants determining the ratio h/u, the values of only two, viz tt (the ratio 
of the circumference of a circle to its diameter) and G the gravitational constant arc known 
with any degree of reliability The values of the other two, uz H and p arc still very 
uncertain Various estimates given are revised from time to time Thus at one time the value 
of 1/Hor the “age” of the universe was assumed to be as low as barely two billion years 
But subsequent revisions have raised it successively to five, seven, ten and now to seven- 
teen billion years Adopting the present (provisional) values of Hand p, the ratio k/uis found 
to be about 1000. In other words, the kinetic energy of expansion is estimated to exceed 
the potential energy of gravitational attraction by a factor of about one thousand 
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Consequently the expansion may be expected to last for ever without reversal But this con- 
clusion that the galaxies will continue to recede is likely to hold only if there is no serious 
revision m our present estimates of 1 /H and p, particularly the latter For example, if future 
observations reveal the existence of undetected matter in the huge putatively vacuous 
spaces between galaxies, it may very well increase the value of P by a factor of one 
thousand In that case the ratio k/u will become less than unity requiring that the 
expansion of galaxies must halt in future and reverse itself 

Since neither alternative leads to a firm conclusion, we may explore another hnc of 
evidence that has lent a measure of qualified support to the expanding (oscillating) universe 
theory, viz modem nuclear research into the origin of elements Tins research has shown 
that heavy elements can be built up from lighter hydrogen and helium elements only m 
conditions of extremely high density and temperature As we shall see m the sequel, the 
nuclei of atoms of hehum, carbon, lithium, calcium, silicon, iron and the like are synthe- 
sized in the extremely hot interiors of the stars Thus the transmutation of hydrogen into 
hehum requires a temperature of about 20 million degrees that prevails m the stellar 
interiors The transmutation of hehum into lighter atoms like carbon, oxygen and neon 
needs a temperature of 100 million degrees and that of lighter atoms into elements of 
medium atomic weight like iron, silicon and so on, a yet higher temperature range of 
1 to 2 bilhon degrees Such temperatures do arise in the interiors of stars at certain times 
during the course of their evolution But the further consolidation of these medium weight 
atoms into yet heavier atoms like lead, radium and the like, demands a still higher tempera- 
ture of several billion degrees Even the stellar interiors of the hottest stars arc not hot 
enough to cook them Considering that their buildup requires far more Draconian condi- 
tions than even the stellar intenors provide, where and when could they have been baked i 
Gamow suggests that the expanding (oscillating) models of relativity theory provide 
a possibility of a place and time at which such extreme conditions could have prevailed 
If the universe did onginate from the fragmentation of a pnmeval atom in which all the 
material of the universe was onginally condensed, the initial state of the universe at the 
epoch of its “creation” 1 /H years ago could have led to the forging of at least the bulk, 
if not, all the heavier elements we find in the universe today For according to Gamow, 
in the state of hyperdense concentration at the first dawn of its “creation”, the universe was 
a blaze of a veritable noontide of light, radiation and lustre that could only be equalled by 
the cumulative splendour of exploding galaxies of supernova stars But such a cosmic 
flood of fire soon spent itself Taking its temperature T as a measure of its fury, Gamow 
showed that T would fall rapidly with time t reckoned in seconds according to the formula 
T = °C (1) 
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Consequently T tumbled from about 500 billion degrees a microsecond after the explosion 
to a mere billion degrees five minutes later. Within a day it further dropped to 40 million 
degrees but took 300,000 years to fall to 6000 degrees and 10 million years to cool down to 
room temperature. It would thus appear that for the first few moments of its existence 
after tire primeval explosion the universe was at a temperature sufficiently lugh to spark 
nuclear reactions During this very early stage of the universe matter must have been 
completely dissociated into elementary particles, being a mixture of free electrons, protons 
and neutrons. 

As the temperature began to drop, each proton promptly captured a neutron, the 
pair forming a deutron, a species of hydrogen Some deutrons then captured another 
neutron and became what is called hydrogen-3 This nucleus soon decays by emitting a 
negative electron and is thus transmuted into hehum-3 In this way, by a rapid succession 
of neutron captures and electron decays, all the elements could have been built up m the 
first burst of the universe's expansion provided there were some mechanisms for bypassing 
hclium-5. Although we can produce helium-5 w the laboratory by bombarding 
hehum-4 with neutrons, it immediately breaks down to helium-4. The absence of a 
stable helium-5 is a serious difficulty facing Gamow’s theory. Gamow is, therefore, 
obhged to concede that “while a small amount of heavy elements must have been produced 
during the early stages of expansion, the main bulk of them in their present abundances 
was synthesized later by some other process such as during supernova explosions”. 
Gamow calculates that the whole process lasted barely thirty minutes, for by that 
time the temperature of the expandmg umverse must have dropped below the 
threshold of thermonuclear reactions among the light elements 

While cosmic matter was thus forged within the first few minutes of the creation’s 
birth, it remained a prisoner at the mercy of thermal radiation for a long while. As alrcid) 
noted, it took 300,000 years for the temperature of the umverse to drop to 6000 degrees, 
the temperature at the surface of the sun Although at this date the fury of the primeval 
flood of fire that gave cosmic matter its birth had abated more than a hundred million- 
fold, the temperature of thermal radiation was $011 high enough to require attention to a 
feature that is of no consequence under ordinary conditions This feature is the ponder- 
ability of radiant energy or light quanta For according to Einstein's equivalence principle, 
radiant energy E possesses a ponderable (i e gravitating) mass which is numerically equal 
to the quotient of energy (E) divided by the square of the velocity of light (c) In symbols, 
mass (m) of the radiant energ) E of light quanta is given by m=E/c\ Under ordinary 
conditions of our daily hfe, the “weight” of light is negligible. Thus, the total weight 
of light quanta tra\ ersing one cubic kilometre of atmospheric air at ordinary temperature 
such as may obtain on a bright sunny day is only one hundred millionth (1/100,000,000) 
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of a gramme. But it increases rapidly with temperature (T), being proportional to its fourth 
power (T 1 ) Consequently at very high temperatures such as prevail in stellar interiors 
or m the case of exploding atomic bomb, the weight of light quanta (which m this case 
are high frequency gamma rays) may be as high as one gramme per litre Since the tempera- 
ture T of the universe in the beginning was very high according to formula (1) the density 
of radiation at that time must have been much greater than it is now Gamow’s calculation 
of the changing densities of radiation and matter with time « shown graphically in Fig 4 
The ordinate represents densities of radiation and matter in grammes per cc, while the 
abscissa represents the timcm seconds since the primeval explosion, both on the logarithmic 
scale for the sake of convenience of representation As will be observed from fag 4, it 
was only after the lapse of about 1700 million years, one-tenth the putative age of the 
universe, that the universe cooled off sufficiently to make the densities of radiation and 
matter equal In other words, while radiation prevailed over matter during the first 10 
pet cent of the history of the cosmos, matter has prevailed ever since It is only after the 



Fic 4 Changes op sa&iatjon and jhatte* densities n vjiwovs staces or the extanddsc cviveke (From Gaaov?, in 
The Universe snd its Origin 1964 Wrenullan ft. Co Ltd London) 
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transition from the reign of radiation to that of matter during the remaining 90 per cent 
of cosmic history that the evolution of galaxies began to occur For, at this time some 15 
billion years ago the densities of radiation and matter became approximately equal to one 
another with the temperature of space falling to about — 223°C and the density of matter 
(or radiation) to 3 10- 30 grammes per cc, which is higher than the present density of matter 
in the universe ( 2 atoms of hydrogen per cubic metre) by a factor of ten At this stage 
further expansion made matter gravitationally more important than radiant energy and 
gave rise to the first step m the differentiation of the originally homogeneous gas 

It thus seems that some 15 billion years ago the state of the universe was an cxtremel) 
tenuous gas mostly of hydrogen atoms spread throughout space of a density of appro xi- 
mately two atoms per cubic metre of volume As a density it is a mere figure of speech, 
for a cosmic cloud of this density and of the size of our sun would weigh less than a tumb- 
ler of water But even such a state of extreme tenuity, when ranging over distances of the 
order of billions of light years, would suffice to provide material enough for all die 
extant galaxies 

The evolution of such an extreme tenuity into the universe of galaxies and stars we 
know is still a challenge to human thought But before we describe present day attempts 
to meet it we may interrupt our account of the modem genesis to mention that the big 
bang theory of Gamow outlined above is not free from some serious objections The 
absence of a stable atom of mass 5, hclium-5, already noted earlier is only one of them 
Another is the age discrepancy Astrophysical theories of the evolution of galaxies and stars 
seem to show that many of them are paradoxically enough older than the universe Thus 
the age of globular clusters m the Milky Way is reckoned to be of the order of 25 billion 
years Hoyle, Bondi and Gold have, therefore, proposed a new revolutionary hypothesis 
According to it, the recession of galaxies does not lead to contmual rarefication of matter 
in cosmic space since new matter is continuously created out of nowhere at a rate which 
just compensates the dilution due to expansion From this newly created matter new 
galaxies are bom continuously so that the total number of galaxies many given suffictcndy 
large volume of the universe remains the same at all times This is a way of saying tint 
there is neither beginning nor end of the universe as a whole It continues to present the 
same large scale aspect to all observers at all times from all locations Since new galaxies 
arc formed to replace those drifting away on account of the universal recession, it follows 
that galaxies forming our observable universe are not of the same age as in the big bang 
theory On the contrary, they represent a widespread age group, from very y oung ones 
to very old ones 

Although many astronomers do not subscribe to the steady state theory' because of 
its ad hoc character, it cannot be said to be as yet definitely hors de combat, the evidence pro 
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and contra being rather inconclusive at present These difficulties of the big bang and stead) 
state theories have given rise to a host of new cosmologies so that cosmology is quite 
literally now m its hundred flower bloom After all, the universe is very large and not 
enough is known, about it Given sufficient ingenuity almost anything can be explained or 
explained away This is why a wide diversity of ideas from various fields like ph> sics, 
chemistry , nuclcogenesis, geology, astrophysics, radioastronomy, etc may be borrowed 
to plant almost any “exotic” bloom in the cosmological garden For example, Dirac and 
Jordon hive reared a cosmology on the novel idea that universal constants of nature like 
the constant of gravitation G are not true constants but vary with the ‘ age’ of the universe 
Likewise, Bondi and Lyttlcton have founded a cosmology on the assumption of a \ cry 
slight departure from the usual belief that the electron and proton charge magnitudes arc 
exactly equal Kapp built up a cosmology on a further extension of Hoyle’s hypothesis 
of continuous creation by postulating that matter is not only being continuously created 
out of nowhere but is also continuously disappearing into nowhere by extinction This 
extinction is to be distinguished from the dispersal of galaxies due to universal recession 
By a blend of the twin ideas of continuous creation and continuous extinction he claimed 
that gravitation was not the “signature tune of matter’’ as supposed by tradition but only 
its “swan song’’ at the moment of its extinction The recent discovery of quasi-stars 
has sparked a number of novel ideas like Wheeler’s suggestion that matter might literally 
obliterate itself out of existence by gravitational collapse within \v hat is known as Schw arz- 
child limit The idea is not as fantastic as it may look at first sight For it is a concept inherent 
m Emstem’s general relativity as the German astronomer Karl Schwarzchild showed o\ cr 
forty years ago He proved that the local curvature of space which is dependent on the 
mass of the matter m its immediate vicinity can ultimately close around itself and isolate 
its contents from the rest of the universe This is a way of saying that a sufficiently massive 
body will prevent the escape of even light or radio quanta (signals) so that it can no longer 
be observed by anyone outside itself as cffccmcly as the earth does that of projectiles 
fired upwards with velocities below 7 miles per second But to do so the body has to 
be very dense For example for the sun to escape observation by trapping within itself 
the emission of all light or radio signals, it will have to shnnk its existing radius of 
7xl0 3 1 m to only three Tins ultimate radius of sclfieffaccmcnt of a massive body of 
mass M, the so-called Schwarzchtld limit, is given by the expression 2GM /c s , w here G and 
c arc respectively the gravitational constant and velocity of light It can be shown that 
when a massive body of mass M contracts to its Sehwarxchild limit, it wall prevent the 
escape of any light ray or radio beam from itself so that it simply disappears from view 
of any outside obscrv a In the process of its grav national collapse w ithin die Schw arzchild 
limit, it releases half its total energy E=Mc s locked within it This process is about 
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100 times more efficient than any thermonuclear reaction It has, therefore, been suggested 
that m quasars we may be witnessing an early stage in the evolution of the universe that 
occurred soon after the explosion of the primeval atom 17 billion years ago If so, their 
existence is a refutation of the steady state theory 

In spite of their radical difference both the big bang as well as steady state theories 
have a somewhat common approach to the genesis of galaxies As we saw, the fragmented 
primeval atom became after the expiry of the reign of radiation a dispersed mass of 
extremely tenuous gas of hydrogen atoms Likewise, according to the steady state theory, 
the mtergalactic space too is sprouting from nowhere hydrogen atoms at a rate just suffi- 
cient to compensate for the dispersal of extant galaxies due to recession Calculation shows 
this rate to be 0 3 hydrogen aroms per cubic kilometre per century Although it is a 
rate too low to be directly detectable by any observation we may make, even such a 
low rate of generation spread over the vast mtergalactic spaces would provide in course 
of time sufficient material for the emergence of galaxies In either case we arc led to a 
more or less similar state of extreme tenuity, a few atoms of hydrogen per 1000 litres 
of volume in the cosmic space 

It seems that our universe of stars and galaxies was formed out of such an extreme 
tenuity largely under the influence of three mam forces, gravitation, turbulence and 
magnetohydrodynamics Unfortunately our knowledge of the laws of cosmic turbulence 
as well as magnetohy drodynamics, that is, behaviour of conducting gases in magnetic 
fields m cosmic space is too meagre to give any great insight into a situation that is vastly 
complicated But, if we simplify our problem by ignoring the effects due to magneto- 
hydrodynamics and turbulence, wc may remark that gravitation as the leit-monf of the 
origin of the worlds is almost as old a theme as the law of gravitation itself Newton 
himself used it to explain the origin of the sun and fixed stars when he suggested that 
“matter evenly distributed through infinite space could never convene mto one mass 
(but) mto an infinite number of great masses scattered at great distances from one 
another” Indeed, it can be shown that such an extended homogeneous gaseous medium 
not only splinters off mto a senes of distinct accretions around separate nuclei instead 
of coalescing into one huge central mass but that this is merely the first stage of its break- 
up For each separate accretion, the denser first-generation subclouds of the original 
parent cloud, m turn fragment mto a senes of second-generation subdouds, and so on 
Thus each successive generation of subdouds of gas shrinks as a whole until it is dense 
enough to cease further shrinkage It is then npe to begm fragmenting mto a number 
of next generation subdouds One may imagine this process of condensation and frag- 
mentation as continuing indefinitely But a state ultunatdy arrives when two new 
factors emerge to break the chain. 
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First, a system formed in the way described would inevitably start rotating as a 
result of the intermingling of currents in the original gas, just as whirlwinds anse when 
currents of wind collide But any rotation that the system might acquire initially w ould 
tend to increase conunnally with further shrinkage, as that is how the system can conserve 
its angular momentum It is this conservation law that is used when a skater whirling 
about with extended arms manages to spin faster by pulling in his arms The increase 
in rotation would increase the centrifugal force until it became large enough to balance 
the gravitational attraction 

Broadly speaking, two courses of evolution are then possible If the system happened 
to start with low initial rotation, the condensation process would last longer, for it would 
take longer for shrinkage to increase rotation sufficiently to provide enough centrifugal 
force in the plane of rotation to balance gravitational attraction As a result, it would 
contract far more in the plane of rotation so that it very likely would become extremely 
dense and condense almost completely into stars forming a closely compacted system 
such as an elliptical galaxy A faster initial rotation, on the other hand, would severely 
limit its contraction in the plane of rotation because centrifugal force sufficient to balance 
the gravitational attraction would now be built up sooner Consequent!) , the contraction 
in this plane would cease much earlier than contraction m the perpendicular plane Such 
a S)Stem would, therefore, evolve into a loose, disc-shaped galax) with a great deal of 
uncondcnsed gas especially in its outer parts, which is what we call a spiral galaxy 

The second cut off process limiting the condensation of the subcloud arises from 
die fact that condensation of any material by its self-gravitation releases energy in much 
the same way as a falling cascade of water generates hydroelectric power A part of the 
gravitational energy released by the shrinkage of the subclouds is lost by radiation as 
heat But how much of it is lost in this way depends on the radiation capacity of atomic 
hydrogen, which vanes widely with its temperature At temperatures below 1 0,000 °C 
it is negligible, but it mounts sharply when the temperature rises beyond this level, and 
particularly when it exceeds the one million mark 

Now calculation of the supplies of gravitational energy likely to be available as a 
result of the condensation of subclouds of die dimensions under review shows diat the 
gas temperature inside them is unlikely to be below 10,000° or more than 3,000,000 <J C 
Between diese two radicr wide Lmuts all ranges arc not equally probable There arc 
reasons to believe that the most likely temperature ranges arc (i) between 10,000° and 
25,000°C and (u) between 150,000° and 1,000,000’C 

At the lower temperature range practically none of the gravitational energy released 
by possible shrinkage is radiated as heat if a cloud contains a mass significantly m excess 
of 10 billion suns Consequently, all of it remains stored in the subcloud This means diat 
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the cloud cannot shrink further as a whole because even if it did shrink a bit, the stored 
gravitational energy would merely re-expand it to its initial dimensions, though perhaps 
in a different direction Therefore, it fragments into a number of small subclouds "When 
the subcloud at last attains a mass of the order of 10 billion suns, winch is the average 
galactic mass, about half the gravitational energy released by its shrinkage is radiated as 
heat This continues until the cloud shrinks to about one-third of its original size, which 
on the average is roughly 100 000 light years across It is now too dense to shrink further 
as a whole and thus begins to yield its own progeny of subcloud The further fragmenta- 
tion of the subclouds proceeds at an ever-accelerated pace until they become so dense 
and opaque that diey cannot lose any more heat by radiation As a result the fragmented 
subclouds can break up no further and become embryo population II stars When this 
happens, the primeval galactic cloud begins to burst mto myriad stars 

It is m this way that gravity conjures the star-spangled heavens out of the Cimmerian 
darkness of the deep Hoyle finds a corroboration of this theory in the mass range of 
population II stars which is observed to lie between 0 3 and 1 5 times that of the sun 
For, according to his calculation, when gravity has herded material to this extent, 
it becomes so opaque as to stop losmg any heat by radiation and thus ceases to 
fragment further 

Once the galactic mass has broken up mto a loose sy stem of stars m the manner des- 
cribed, mere passage of time suffices to compact it mto a condensed system similar to what 
we find in the elliptical as well as m the central cores of spiral galaxies Although most 
of the stars of the system cluster by mutual encounters mto a central amorphous mass, 
some do remain at the outer periphery of the parent subcloud where they were bom 
These remaining stars are the very extensive halos surrounding the galaxies 

We have now to consider the higher temperature range mentioned abo\e It has 
been estimated that for a gas cloud to increase its internal temperature to the million 
mark, its total mass must exceed 10,000 billion suns, that is about 1000 times the average 
mass of a galaxy spread within a sphere of about 6 to 7 million light y ears in diameter 
A ck x.v3 of these dimensions begins by contracting ss 3 whede iintd it develops 3 tempess- 
turc of one million degrees At this temperature heat losses by radiation leap up suddenly 
to a prodigious level, leading to a sudden fall of temperature The outcome of this 
cataclysm, a temperature surge of about a million degrees, is a shower of thousands of 
dwarf protogalaxies with an average mass of only 300 million suns Each protogalaxy 
is then well on its way to becoming a galaxy by further fragmentation mto stars in the 
manner already described 

However, a close cluster of 30,000 dwarf galaxies cannot remain in the state of 
loose anarchy m which it is bom A war of consolidation ensues Some of the closer 
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dwarfs coalesce and become powerful enough to devour others. As always, the big 
become bigger until a few giants emerge by the consolidation of some tv. o to three 
hundred dwarfs. It is in some such ways that the giants like Andromeda and our own 
Milky Way in the Local Group were built up. 



CHAPTER TWO 


STELLAR EVOLUTION 


We have already seen how the homogeneous primeval cloud of hydrogen due to its 
gravitational instability coupled with its proneness to turbulent motion broke up into a 
multitude of distinct clusters of protogalaxies. They must have continued to recede from 
one another while each cluster was left to proceed with its own evolution. We also sav. 
how during the course of this evolution the original gaseous material of the protogalav) 
m turn broke into myriads of shining stars. The details of those processes wluch led to 
the transformation of cool dark gaseous protogalaxies into the star-spangled heavens of 
today are still not fully known. But it seems that the galactic material first condensed 
into a multitude of distinct embryo stars That is, each embryo became a small opaque 
globule of gas that was too dense to break up any further. In consequence, it began to 
contract under its self-gravitation with gradual nse in its temperature. The period of 
contraction before its temperature became large enough to make it luminous depends 
on the mass of the embryo or protostar. Table 1 gives the duration of the gravitational 
contraction phase with reference to the mass before its emergence as a luminous star. 

The initial mass of the protostar also decides at what point in the Hcrtzsprung- 
Russell (H-R) diagram it will begin its life as a star. H-R diagram, by the way, is a graphical 
representation of the two most important attributes of stars, viz. their luminosit) and 
surface temperature Thus, if we denote a star by means of a dot on graph 
paper whose ordinate is its absolute magnitude, and abscissa its spectral class 
or what amounts to the same thing as its surface temperature, we obtain a scatter 
of points as shown m Fig. 5. A glance at it shows that majority of the dots 
cluster around one main hue PQ. But there are plenty of exceptions concentrated towards 


TABLE 1 


Mass of the frotostar 

20 suns 
3 suns 

1 sun 
6 suns 

2 sum 


Duration of gravitation 

CONTRACTION 
3x10* yean 
2xl0« years 
SxlO 7 yean 
2x10* yean 
10® yean 
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the top right of the diagram This does not mean that the left hand exceptions are few 
even though our diagram shows only three, they happen to be too faint to be seen unless 
they arc very close to us The exceptions to die right are known as red giants because they 
arc so luminous and large that they could easily accommodate within dieir bosom die 
whole of our terrestrial orbit, including the sun, Mercury, Venus and earth, andyct ha\c 
room to spare In spite of thnr bulk they arc practically hollow inside In fact, diey 
are so diffuse that their density is lower than that of a good terrestrial vacuum 

In the opposite camp arc the dircc left dcviatiomsts located towards the lower left 
comer of our diagram Because of their small luminosity and high surface temperature, 
they are called the white dwarfs They are packed to the bnm with material, a march- 
box of which would easily weigh scs cral tons A case m point is the companion of Sinus 
These left dcviatiomsts are said to be in a "degenerate” state This is a technical 
term devised by astrophysicists to denote a peculiar condition of matter m its last stage 
of condensation When we compress anything, say, an ordinary gas, we soon reach die 
limit of its compression because its atoms refuse to interpenetrate one anodter no matter 
how hard we press it But what cannot be done on earth is not too difficult inside stars 
Tor at pressures and temperatures such as prevail there, the atoms arc stripped bare of 
their electrons and a good deal of interpenetration takes place. But in the white dwarfs 
e\en die separate identities of individual atomic nuclei arc destroyed bj furdier pressure 
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and the nuclei and electrons are packed cheek by jowl so that they cannot come any 
closer Such a gas is said to be degenerate Degenerate matter, therefore, is the ultima 
thule of condensation Or, rather penuluma now that matter inside the recently dis- 
covered quasars is believed to be m an even denser state of condensation That is why 
the estimate of its density quoted above several tons per cubic inch is no Munchausen 
story. It is the outcome of one of the most precise calculations modem science can make. 
That is also why the stuff of which white dw arfs are made has its own peculiar law 
and its peculiar appellation Even energy transport in its ulterior takes place neither by 
radiation nor by convection but by conduction, as m a metallic bar with one end in a 
firebox 

It is now believed diat an average star begins its life as a main-scqucncc star and 
ends it as a white dwarf if it does not in the meanwhile blow itself to pieces as a supernova 
Immediately after its emergence as a self-luminous star from a sclfgrantatmg globule 
of gas it appears somewhere on the mam-scquence, its mass determining its initial position 
on the mam-sequence line It remains for a while in this state of what is called radiative 
or convective equilibrium This merely means that the star maintains itself in a steach 
state without having to shrink or expand, as the outflow of radiation from its outer 
surface keeps pace with energy generation in its interior by nudear transfomianon of 
hydrogen into helium 

These nuclear transformations are of two mam types In the case of stars with masses 
equal to and low er than that of our own sun, the energy they radiate is dem cd from the 
proton-proton reaction, which leads to the building of helium nuclei through direct 
interaction between protons with die consequent mass-loss released in the form of nudear 
energy In stars with masses m excess of three solar masses the carbon nuclei act as catalysts 
to produce the same net result of transforming protons into helium nudci In stars with 
masses intermediate between that of the sun and thre^ times as great, both processes 
may operate simultaneously, die carbon cyde in the central parts and proton-proton 
reaction m the outer shells surrounding the stars’ ulterior core In either case the star 
remains m its stable main-scqucncc stage for a period of tunc which may last from a fen 
million years m the case of very massne stars to a few billion years m the case of light 
ones Table 2 gi\cs the duration of the stable mam-sequence stage for a few typical 
values of stellar masses 

Although these time in ten. als are \ cry uncertain, they arc all about 100 to 1000 tmr* 
longer than the first stage of gravitational contraction shown in Table 1 But in both 
stages of its life, viz. as a contracting globule of gas and as a mam-sequence star, the more 
massne the star, the briefer its life span 

Whatever its life span as a main-scqucncc star, a star usual! \ remains in this steady 
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Steixar mass 

20 suns 
3 sum 
1 sun 
06 sun 
02 sun 


TABLE 2 

Duration op main sequence 
stage 

10 7 years 

5 xlO 8 years 
30 10 years 

10 u years 

10 11 years 


state of equilibrium for only about 5 to 10 per cent of its total life Why? Because as it 
burns its hydrogen in the hottest central regions, a core of helium ash is deposited at the 
centre and gradually grows in size When it accumulates to about 10 per cent of the 
mass of the star, its configuration ceases to be stable For the core shrinks and the gravita- 
tional energy winch the shrinkage releases heats jt up, while the outer envelope of the 
star expands enormously But die enormous distention of the outer cm elope cools it 
so that it begms to ndiate cooler, that is, redder light In other words, die star now 
becomes a red giant According to this theory, our sun will become a red giant one da) 
Then as it grows in size, it will begin to swallow the planets one by one, commencing 
with Mercury and ending with our own earth or even Mars If so, the Koranic vision of 
n doomsday when the sun will grill the earth from a distance of a spear and a half might 
come true unless we choose to advance it by some 5000 million years by die massed 
igniaou of a sufficient number of diose immature suns, the H-bombs 

Tlus outline of the course of stellar evolution is no mere mathematical fantasy We 
may actually see it in progress on the vault of the heavens For we find in our galaxy 
confederations of stars whose close association in the group shows tliat they arc all of the 
same age, even though one group as a whole may be older or younger dian another 
If we show in our H-R diagram, die stellar populations of these groups, such as the 
young double cluster in Perseus and the middle-aged Pleiades, we find diat while die 
stars of both the systems congregate around the main-sequence towards die lower right- 
hand end of die diagram, the distribution of die stars in the upper half of the diagram is 
widely different for die two groups (Fig 6) These upper-end deviations from the standard 
main-sequence arc m conformity with the theoretical evolutionary tracks predicted by 
Schonberg-Chandrasekhar stellar models 

The diagram also shows that some super giants of die Perseus duster arc fhr away 
from die main-sequence Their location too agrees with die synthetic evolutionary tracks 
yielded by Sandagc-Schwarzchild stellar models What is true of these two clusters has 
more recently been verified for nmc more clusters Fig 7 exhibits similar evolutionary 
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Fjc. 6. Luminosity and sppctbai class diagram to* tux nuchas asciovs h and X Paso as will as Fuiadb The 
solid line is she ittndard main-sequence (From Jagjit Singh, 1961 Dover Publications New Voik) 

differences between the stars of ten galactic clusters and one globular cluster including 
Perseus and Pleiades in a schematic form. The dotted lines in the diagram are the fate 
lines of each cluster charted by stellar horoscopes. The actual scatter of stars of each system 
m close proximity to its own fate line is a confirmation of the theory of stellar evolution 
outlined above. 

But to revert to our community of evolving stars, it seems that stellar communities 
are like monolithic societies, m that a star merely huys trouble for itself by venturing to 
stray into right deviatiomsm, alias red giantism For a red giant runs into a veritable 
storm of catastrophes, cataclysms, and crises in an endeavour to balance its energy budget, 
which is repeatedly upset by happenings in its interior. "What happens there is this the 
hot helium core inside, at a computed temperature of 100 million degrees, becomes a 
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cosmic witch’s cauldron brewing atomic nuclei of lighter elements such as carbon, oxygen, 
neon, and possibl) even magnesium from those of helium Although even after deviating 
from the main-scquencc, the bull of the star sail consists of hydrogen and the bulk of the 
energy production still flows from the hydrogen-hehum conversion in a thin shell out- 
side the core, the atomic consohdadon now under way in the core also contributes its 
share of nuclear energy in the core to keep it at its temperature of 100 million degrees 
As the core continues to contract and the temperature exceeds 100 million degrees, 
the alpha parades (that is, the hehutn nuclei ) interact with the neon nuclei to form 
magnesium, and then with these nuclei in turn, to form the ordinary isotopic forms of 
the nuclei of all the dements up to iron whose atomic weights are multiples of 4 After 
all the helium has thus been used up, the core will begin to contract again mth a release 
of gravitational energy, and this new contraction will spark the core temperature to still 
dizzier heights, some 1 to 2 billion degrees, so that the cosmic witch’s cauldron now 
becomes a cosmicsynchrotron It triggers interactions among the heavier nuclei themselves 
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These arc of two mam kinds depending on the type of star For according to present day 
theories of stellar evolution die stars that we see in our own Milky Way as also those m 
other galaxies evolved in two distinct stages corresponding to the two distinct types of 
stirs populating them Thus, the stars of our own Milky Way exhibited in the usual 
H-R diagram, that is, stars m the region near the sun are known as population I, and are 
quite different from those of population II located in its more distant central regions. 
Because population II stars are believed to have been formed earlier probably all at the 
same time at a fairly early stage of cosmic evolution, when the primordial gas clouds 
from which they condensed had relatively greater abundance of hydrogen, they contain 
a very small amount of helium, and other heavy elements like carbon, nitrogen, oxy gen, 
etc all of which are grouped by astrophysicists under the omnibus title “metals" Popula- 
tion I stars like our own sun, on the other hand, seem to he second-generation stars 
which were formed later For they have considerable amount of heavy-element abundance 
thus indicating that they condensed out of hydrogen clouds that were impregnated with 
greater quantities of "metals” forged in the interiors of massive population II stars which 
are presumed to have since blown themselves away in supernova explosions It is also 
very likely that the heavier elements were spewed out by them m periodic outbursts before 
their final extinction In any case population I and II categones of stars have condensed 
out of two distinct types of hydrogen clouds — population I having arisen from those 
more nchly impregnated with metals than population II and therefore, comparatively 
younger source material than the comparatively purer primeval hydrogen cloud 

In the case of population II stars, formed out of primeval hydrogen clouds the 
nuclear reactions triggered in its core towards the end of its red giant stage produce 
heavier nuclei such as carbon, oxygen, neon, to produce additional quantities of multiple 
-4 type nuclei right up to iron-56 In the case of population I stars, which arc, however, 
formed out of not so pure hydrogen cloud but out of material containing small propor- 
tions of the muldple-4 type nuclei (such as carbon-12, oxygen-16, and so forth), the 
interactions of these nuclei with the protons give rise to the nuclei that arc not multiples 
of 4 (such as nitrogen-14, sodium-23, and so on) 

However, to continue the story of evolving population II stars, the game of nuclear 
consolidation comes to an end with the emergence of iron-56by nuclear Transmutation m 
the core For any further nuclear consolidation, imolving the iron group of elements, 
absorbs energy instead of releasmg it Consequently these nuclei cannot serve as nuclear 
fuel to continue the chain of fusions The elements heavier than non, however, will be 
built up by tw o different processes of neutron capture Since many isotopes of the different 
nuclei will be formed by proton capture, in which there will be one neutron more than 
the number of protons m these nuclei, large fluxes of neutrons will be released when 
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these isotopes react with alpha particles Thus the interaction of helium w idt neon of 
atomic v. eight 21 wall lead to the formation of magnesium of atomic weight 24 and 
the release of a neutron This neutron, and others like it, will then be available for capture 
by iron resulting m the formation of nuclei heavier than iron Indeed, die complete 
series of the very heaviest nuclei will thus be built up Another source of neutrons leading 
to the rapid buildup of heavy isotopes be) ond uranium is found m the explosions of 
supcmovac That such heavy elements can indeed be built up w tins w ay \\ as demons- 
trated b) the first explosion of a h) drogen bomb at Bikini The neutrons released during 
this explosion were captured by nuclei m the metallic shell of the bomb and transformed 
these nuclei to transuranium elements such as cahfomium-254, and the like 

Because these trans-iron, nuclear transmutations now proceeding inside the star 
absorb energy instead of releasing it, the star passes from the regime of nuclcar-cncrgy 
sources to that of gravitational contraction It can he shown that such a transitional stage 
is unstable This instability manifests itself in a variety of ways depending on conditions 
not yet fully understood For example, die star may be thrown into violent but rliydimic 
pulsations of its spherical surface, caustng periodic changes in its luminosity like diat we 
actually observe in variable stars like RR Lyrac or the Cephcids Having pissed through 
this condition of periodic pulsations a stage at long last arnves when the star becomes 
so unstable that it begins to shed mass either gradually or catastrophically from its 
outer layers The reason for dus is that with continual compression die core becomes 
compressed to die ultimate limit of degeneracy Once degeneracy sets in new factors 
come into play A calculation by Chandrasekhar has shown that under these conditions 
there is an upper limit beyond winch the core mass cannot grow This limit is 1 4 times 
die mass of the sun Consequently a massive star with, say, fifteen to twenty times the 
solar mass has to lose considerable quantities of matter once it lias burnt about 7 to 10 per 
cent of its hydrogen which would bring the mass of us helium core close to the 
Chandrasekhar limit The outer cn\ elope then becomes a Ncssus* shirt on our Herculean 
star The star must wrench and tear off whole pieces of this garment in a \iolcnt fit 
of self-dismemberment until it is completely consumed In astrophy sical language the 
star explodes catastrophically, becoming a supernova, that is a no\a which shines for 
a brief while with 200 million times the solar luminosity 

We have observational evidence of such happenings For instance, the Crab Nebula 
(Pi 5) m die constcllanon of die Bull is die debris of such a catastrophic explosion of a 
star in our own galaxy m the year 1054 when the “guest-star’ , as the Chinese who 
recorded its observation called it flared into such phenomenal brilliance dut it outshone 
every other star m die sky and for three weeks on end was visible even to the naked 
eye in broad daylight In our own day similar supernova explosions in other galaxies 
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regularly occur bur require special techniques for their observation because of their 
vast distances from us For, however great may be the enchantment distance lends here 
on earth up m the heavens it only dims the view 

Such colossal catastrophes as supernova explosions are rare because of the rarity 
of massive stats although they might have been more frequent in the earlier stages of 
our evolving unn erse It has even been suggested that in quasars w e may w ell be witness- 
ing now an almost simultaneous explosion of most of the stars in a remote galaxy that 
occurred some billion jean ago Be that as it may, while major celestial upheavals like 
supernova explosions are rare at present, comparatively minor explosions are more 
frequent For ev en an average star, with a mass only a few times that of the sun, sooner 
or later has to shed matter when hydrogen burning has proceeded far enough for the 
helium core to approach the Chandrasekhar limit. But as the excess mass required to 
be lost in these eases is much less than with the massive stars, the loss is not catastrophic. 
The star bunts into a nova, that is, increases its brightness 30 to 100000-fold, possibly 
not once but several times ejecting the extraneous material which the core can no longer 
absorb About twenty to thirty nova explosions are observed to occur every year m the 
Milky Way , and there is reason to believe that fits of novatms are likely to recur, as a 
number of rcpentivc novae have been discovered 

At long last in the course of repeated outbursts the aging nova gradually evotves, 
with one exception into a typical white dwarf, having ended its career of violent 
vicisntudes of distentions, pulsanons, ejections, and explosions The exception is in the 
rare ease when the star detonates as a cosmic ' helium bomb”, blowing itself to pieces as 
in a supernova explosion Whether such an explosion leaves a relic of the parent star or 
completely obliterates the star from existence is still m doubt There is some evidence 
to show that in many eases a relic star remains at the core of what is observed as a planetary 
nebula If so, the formation of a planetary nebula is yet another way in which a star mani- 
fests its instability which, though analogous to that of a nova or supernova outburst, 
many have no direct connection with either 

In any case, an aging star, if it manages to avoid blowing itself up as a supernova, 
does pass into quiescence as a white dwarf after some recurrent fits of novatms Nothing 
very spectacular can happen to it now For it has practically no wherewithals of energy 
left, either nuclear fusion or gravitational, because as a white dwarf it contains very 
little hydrogen in its interior, has too low a temperature for nuclear reactions involving 
helium or heavier nuclei, and is too dense to contract any more, being all degenerate 
electron gas. With all its energy engines shut, it can do nothing but free-wheel gradually 
into the oblivion of a dark invisible star. 
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Our solar system consists of the sun, nine large planets, 1600 asteroids and an indefinite 
number of comets and meteors, all voyaging together as one dynamical ensemble in 
interstellar space Any theory of its origin must explain the following four mam 
features of the system 

(a) First, there are the orbital regularities, which means that all the planets revolve 
around the sun in more or less the same plane in nearly circular orbits and m the same 
direction The rotation of the planets around their axes (as well as the sun’s own axial 
spin) also follows the same direction as their orbital revolutions Moreover, the planetary 
orbits lie almost in the equatorial plane of the sun if we ignore the small inclination 
between the two — only about 6°. 

(b) Secondly, all the planets are situated at regular distances from the sun If we adopt 
the earth's distance from the sun as our unit of reckoning, the distance r n of the nth 
planet from the sun conforms quite closely to the so-called Titius-Bodc law except m 
the case of the last two planets, Neptune and Pluto 

r„=0 4-pO 3 (2)"- 1 

Fig 8 is a schematic representation of the nine planets and the asteroids of the solar 
system showing their actual distances alongside the corresponding distances according to 
B ode’s law It is perhaps no mere accident that planetary distances follow Bode’s law. 
For there is some evidence to show that it holds to some extent even in the case of distances 
of the satellites from their respective primaries also. 

(c) Thirdly, while the masses of the four inner planets are low and their densities 
high, masses of the four outer or Jovian planets are high and densities low (Fig 8). 

(d) Fourthly, almost the entire rotation of the system, as measured by its angular 
momentum, is packed into the planers and their satellites, whereas the enure mass of the 
system is concentrated in the central sun The sun possesses over 99 per cent of the mass 
of the system but barely 2 per cent of its total spin or angular momentum For this reason, 
slow evolutionary cosmogonies like the nebular hypothesis of Kant and Laplace have 
been found to be untenable even though the recent invocation of new effects due to 
magnetohydrodynamics and turbulence have made them somewhat more plausible. 
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Among the many theories of the origin of the solar system that has e been proposed 
in the past, die basic ideas of Schmidt and Urey are the most likely to succeed 
According to Schmidt the origin of the planets came about because the sun on its 
journey around the centre of the Milky Way passed through a cloud of gas and 
solid dust parnclcs, a part of which it somehow managed to drag m its wake Since the 
cloud, like the sun itself, was initially rotating around the gilactic centre, its capture 
turned part of its rotation, around the sun, thus flattening the cloud At the same time, 
the dust particles separated from the gas by solar radiation, began to precipitate towards 
the central or equatorial plane of the flattened cloud (Tig In this collection of dust 
specks into a flat disc, the mutual gravitational attraction between the particles increased 
because of the smaller separation The result was the agglomeration of the small primor- 
dial particles of the dispersed protoplanctary material into a multitude of astcroi dal bodies 
of different size and mass, that is, bodies of size intermediate between the primordial 
particles and the present planets Some of the larger asteroidal bodies which grew faster 
than others became the "embryos” of the planets, budding in time into full-fledged 
planets by gradual accretion of the remaining astcTOidal bodies and their fragments 
(Rg 9) 

Schmidt's collaborators — Gurevich, Lebedinsky, Lc\m, and others has e employed 
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the methods of statistical physics to show that a system of solid particles with greater 
angular momentum and sufficient total mass must inevitably follow the evolutionary 
sequence briefly outlined above. In this way Schmidt has no difficulty in explaining 
feature (a) — the orbital regularities of the solar system. Nor is feature (d) — the peculiar 
distribution of angular momentum much of a hurdle. For in Schmidt’s theory, die 
angular momentum of the cloud and hence of the planets is not directly connected with 
that of the sun. It is derived from the angular momentum pertaining to die rotation of 
the stars and the interstellar gas and dust clouds around the centre of the galaxy. By dius 
relying on the virtually inexhaustible total store of the angular momentum of the entire 
galaxy as a source of supply of the planetary angular momentum, Schmidt has no need 
to invoke any hypothetical physical laws to endow die planets with the lion's share of 
the angular momentum of die solar system which they actually possess 

For his explanation of feature (b) Schmidt considers that when planets arc being 
formed, those particles have the greatest chance of joining die “embryo” planet whose 
specific angular momentum (i.e. angular momentum per unit mass) is closest to that 




Fio 9. Two ST WES IN TOT EVOltTflOV OP TOT PBOTOPCA.VETABV CEOl/D ACCQBPtXC TO Sat'ODT Left, the cloud fllttOU 
into a due on account of tci rociciart jnd the lohd primordial parades separated {tom gas agglutinate into a swarm of 
asteroid*! bodies Right, the swarm of asteroidal bodies thickens through mutual collisions and leads to planet formation 
bf char gradual accretion (From Jagjit Singh, 1961. Dover Publications, New York) 
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of the embryo Schmidt concedes that some pamdes, of course, may jom ait embryo 
planet other than their “own” but such deviations would mutually cancel themselves 
out, so that the particles may be assumed to be distributed along the sections of the 
a'os of specific angular momentum allotted to each embry o Since a particle’s specific 
angular momentum is proportional to die squarcroot of its orbital radius, Schmidt is 
able to prov c that on the assumption of a smooth distribution of matter in the proto- 
planetary cloud, the angular momenta of the planets and in consequence the squarcroots 
of their orbital radu would increase approximately in arithmetical progression In other 
words, the orbital radius Rn of the nth planet would obey the following relation 

VH a =p+qn 

wherein p and q are constants 

But to secure agreement between the formula so derived and the actual values of 
the planetary orbital radu he is obliged to assign one set of values to the constants p and 
q for the group of four inner planets and quite another for the five outer planets This 
may look arbitrary , but the division of planets mto two groups of four inner or terrestrial 
and five outer or giant planets reflects die difference m the properties of the inner and 
outer zones of the protoplanctary material For, it can be shown that up to a distance 
coinciding with the asteroid belt the sun’s heat is appreciable, but beyond it quite dose 
to absolute zero As a result, m the small inner zone of the terrestrial planets warmed b> 
solar heat, only particles of nonfusible stony matter and metals with high density could 
survive die solar heat stroke. In die huge outer zone of the giant planets sheltered from 
the sun’s radiation by its greater distance, the temperature of the particles was so low 
that \olatile substances froze onto them — water vapour, carbon dioxide, methane, 
ammonia, and related compounds In this way Schmidt not only justifies his choice of 
two different values of the parameters p and q in the distance law given above, but also 
provides a natural explanation of feature (c) of the solar system, that of lugh density and 
low mass of the inner-terrestrial planets and low density and high mass of the outer 
giants 

Schmidt’s cosmogony thus provides a Curl) plausible explanation of all the four 
mam regularities of the solar system An additional ment is its emphasis on the accumula- 
tion of solids from smaller-size primordial particles after their separation from gas by 
solar radiation, a feature that is m better accord with present da} geochemical research 
Such research provides valuable complementary clues to die solution of the cosmogonic 
riddle in that by considering the present composition of the earth’s crust, its mande of 
water and atmosphere, we can visualize some of the ear her stages of our earth’s evolution 
on a basis independent of remote cosmological origins 
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PICTURE OF THE LUNAR SURFACE BY SOVIET ZONt> IH TAKEN ON JULY 20, 1965 
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LUNAR PHOTOGRAPH TAKEN BY USA RANGER VII SPACECRAFT ON JUL* 31. J965 
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PHOTOGRAPH OF SURFACE OF MARS BY THE USA SPACECRAFT MARINER IV TAKEN ON 
JULY 14. 1965 
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Thus in 1953 the celebrated geochemist, Harold C Urey, showed by a study of the 
present abundance of relatively volatile elements, such as mercury and boron on the 
earth’s surface that it was unlikely to have ever been exposed locally to temperatures 
of more than a few hundred degrees centigrade and may not even have been hotter 
than the boding point of water* Further, a hot molten earth, m its early accumulative 
stage, could never have produced the earth we know today but only an and, 
oceanless planet For molten materials could never hold any interior water to be 
released later on cooling Urey reinforced this conclusion by his study of other planets 
like Mars, whose equatorial bulge was shown to be inconsistent with a core-mantle 
structure It is best accounted for by assuming that about 30 per cent of the planet is 
iron distnbuted uniformly throughout the rocky globe Such a condition could never 
have come to pass if Mars had ever been molten These and other recent observations 
of Urey seem to favour Sclimzdt’s fundamental assumption that planets were formed 
by the accumulation of primordial dust at relatively low temperatures Indeed, Struve's 
recent discovery of a region about Sco B, where there is no h) drogen but iron and 
presumably other non-volatile elements, is in agreement with this Here at any rate 
there is evidence that a separation of the type Schmidt envisages is a cosmic possibility, 
having occurred at least somewhere For these reasons Schmidt’s theory is the most 
plausible cosmogony we have so far, even though its inability to specify an acceptable 
mechanism, whereby the sun could capture a dust-gas cloud is still an unresolved 
difficulty 

There are, no doubt, many other cosmogonies notably those due to Kuiper, Weizsker, 
Alfven, Whipple and others But observation has not yet been able to deade conclusively 
between them The difficulty will most probably be resolved in the near future by the 
new techniques of space research now being employed For example, the mysterious 
surface of the moon most probably contains a record of the history of the solar system, 
a record that lias long ago been obliterated on earth through the violence of geologic 
processes here We should be able to read it when instruments and people are landed on 
die lunar surface Likewise, new information found from the surface of Man and Venus 
when these come under direct investigation by instruments landed there should provide 
even more valuable clues concerning the origin of the solar system Already a beginning 

•The high tempera fares of a few thousand degrees eenagnde that are known to prevail now in the earth t interior 
and the existence of a core of molten iron beneath the mantle of rock at one tune led to the belief that the earth had passed 
an earlier molten sage We now know that this internal heating is the outcome of the slow accumulation of heat released 
through the breakdown of radioactive elements a small admixture of which forms part of earth s substance Since the 
rate of heat generation is known precise calculation confirms that thermal energy generated by ruch radioactive disintegra- 
tion accumulated over long periods of a few billion years of the earth * existence u sufficient to raise its interior tempera- 
ture to tie extent actually observed today 
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has been made by the Soviet and USA space research programmes 'which have enabled 
us to obtain close view s of the surfaces of moon and Man Pi 6 for instance, is a picture 
of moon’s surface obtained on July 20, 1965 by the photo television device of the Soviet 
automatic interplanetary station Zond ffl from a distance of only 6000 miles Another 
photograph of the surface of the moon taken by USA Ranger VII spacecraft on July 31, 
1965 is given in PI 7. It makes it possible to tie confidently the new regions of the 
moon Similarly, Pi 8 and 9 arc photographs of the surface of Mars taken by the 
USA spacecraft Manner 4 on July 14, 1965 at distances ranging from 4000 to 6000 miles 
during a 25-minute sw cep across the planet’s southern hemisphere The growing body 
of evidence now being collected m these and other future space probes will no doubt 
provide firmer basis for speculations concerning the existence of planetary $) stems orbiting 
around other stars in the Milk) Way and other galaxies be)ond For, correct ideas about 
the ongm of the solar system should enable us to confirm our present surmise that many 
more stars ha\ c planetary s> stems than was envisaged forty ) ears ago when the onl) way 
of forming a planetary system was considered to bean exceedingly rare event, viz. a 
chance encounter of two stars voyaging in interstellar space If our present day theories 
of planetary origin arc even approximately correct, it is very likely that our own Milky 
Way of some 100 billion stars has hundreds of millions of stars with planetary s) stems 
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The molecular hurl) -burly that heating inevitably lets loose proves too much for lire 
delicately balanced constituents of proteins as well as living tissues It coagulates proteins, 
decomposes ammo acids, and deactivates enzymes No living tissue cell, or bacterium 
seems to withstand boding water The hottest niche that living organisms have so 
far been known to occupy is m Yellowstone Park, Wyoming USA, where bacteria 
have learnt to survive in hot spring at 76° C, but none has been found m any of the 
hotter natural springs in spite of life’s incredible resourcefulness to colonize any possible 
ecological comer Apparently 80 Q to 90°C is a fundamental upper limit to which life 
can accommodate itself 

The possibility that living organisms made of sterner stuff like silicon m lieu of 
carbon would be able to survive in a very much hotter environment has no doubt been 
suggested because silicon ranks next to carbon m its power to combine with other atoms 
to form a multitude of compounds But unlike carbon silicon atoms show little tendency 
to combine with one another m long chains and rings This is why the silicon counter- 
part of the hydrocarbon senes docs not stretch very far and why even those hydrosihcons 
which do exist arc far more fragile than their carbon prototypes Consequently silicon 
is no match for die prolific power of carbon to act as base for die build up of complex 
structures diat arc indispensable precursors of life 

Since living matter, wherever it may occur in the universe, presumably requires a 
vast variety of complex compounds from which to synthesize itself, carbon alone among 
die elements seems qualified to serve as its backbone A sibcon cell, therefore, is not 
even a plausible biological “perhaps" so far as we can imagine at present 

But even if it were, it would not materially extend the temperature range up to 
winch life could ascend For every chemical compound whether of silicon, carbon, or 
anything else, can be broken down with sufficient heat Indeed, the more complex its 
structure, the more easily it disintegrates We may, therefore, rule out all possibility of 
life m any of its variety and adaptations m the stars as cv cn die coolest of diem have 
surface temperatures of 3000“C, much too high for any except the simplest compounds 
to exist 

But if excessive heat inhibits life of all kinds, too much cold is equally fatal For 
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vital processes, as our experience here on earth shows, depend ultimately on the energy 
received from the sun If this supply had been much smaller, it is doubtful if life could 
have ever been sparked out of its inanimate slumber It, therefore, follows that only 
planets located at just the correct distances from their central star to give them the right 
amount of starshme and warmth can be suitable abodes of life in any possible form If 
they are too near then central star, no life can originate in the midst of the hell fires to 
which then close proximity exposes them On the other hand, if they happen to be too 
far away, life may remain congealed for ever in the frosty cold of outer space. 

But it is not merely then distance from the central star that has to be right So 
must be their other features such as mass axial rotation, atmosphere, hydrosphere, 
elhpdcity of orbit, and so on Thus, if a planet or satellite like our own moon fails to 
combine the right blend of these other conditions, its location at the right distance from 
the sun will be of no avail. For the moon, having too small a mass to retain any atmosphere, 
is both airless and waterless Further, since it spins around itself slowly m about a month, 
a lunar day is as long as a terrestrial fortnight. In consequence, the surface rocks of its 
equatorial regions are alternately grilled by a fortnight’s solar radiation undiluted by 
atmospheric absorption and are chilled by an equally long Stygian night The noon 
temperatures at the sub-solar point thus soar to 120°C and drop to — 150°C at midnight 

Nor is there any wind or water to temper the effect of such violent oscillations of 
surface temperature In such a lunar chiaroscuro of light and shade, no live organism, 
even if it could get there somehow, could escape being alternately roasted and put mto 
a deep freeze 

Then again if a planet’s orbit is highly elliptical, as in the case of Mercury, the 
seasonal variations in the intensity of solar radiation may prove too great for life to develop 
and take root Thus Mercury at its closest approach to the sun receives two and a half 
times as much sunshine as at its farthest Hus alone gives rise to too violent fluctuations 
of temperatures but the violence is fantastically amplified because of the coincidence of 
the period of its axial rotation with that of its revoluuon round the sun. As a result it 
presents approximately the same face to the sun as the moon docs to the earth, so that 
it is a fearful furnace of molten lead, lava and tm on the sunny side, and an equally 
terrifying Cimmerian nightmare of frozen gases on the other, eternally dark, unlit side 
These conditions, whose ngour is in no way mitigated because of the virtual absence 
of wind and water, prevent it from harbouring life of any land whatever 

It is therefore small w onder that barely two (excluding our own earth) out of the 
nine planets and their numerous satellites of our solar system have managed to acquire 
the right combination of conditions that might provide a possible home for life m some 
form or other They are Venus and Mars Barring these two, the other planets beyond 
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Mars are so far off that die punch of the sun rays is attenuated to a mere fraction 
(4 per cent) of their terrestrial intensity by the time they reach even the closest of them, 
Jupiter Consequently, Jovian surface temperature is 138°C below die freezing point of 
water, which is cold enough to liquefy many gases On Jupiter, therefore, and soil more 
on other outer planets beyond, the solar energy, the sole ultimate motive power behind 
life in any form is much too feeble to lure life out of the dismal frost of these hostile worlds 
But even Venus and Mars, in spite of the conjunction of several favourable features, 
may happen to draw a blank and turn out to be lifeless, leaving only the earth as the sole 
stage in our solar system for the great epic ofhfe Thus if Venus's axial rotation happens 
to comade with its orbital revolution, as some observers seem to have concluded, it 
will eternally present die same face towards the sun and therefore may have large climatic 
variations between the sunlit and dark sides although atmospheric currents would tend 
to equalize things This reduces the probability for life of a high form even though its 
close resemblance to earth m size and mass, coupled with its possession of a dense atmos- 
phere and extensive hydrosphere, would suggest the probability that it supports life 
This probability has somewhat improved lately as recent radiometric measurements of 
die heat emitted by die dark side appear to be too great for it to remain eternally unlit 
Nor is it whittled down in any way by the circumstances that Venus is perhaps a vast 
shoreless ocean with practically no land surface at all 

Mars would appear to be an and, waterless desert possibly given to frequent volcanic 
eruptions with the prevailing winds carrying the dust and ash they raise Under these 
conditions, life could secure a very precarious foothold, if any, indeed The only indication 
of Martian life that seems at all admissible for the present is the generally bluish-green 
colour of the Martian mana (as the dark areas of its surface are called) coupled with the 
seasonal changes of coloration to which they appear to be subject 

It has been suggested that these variations are caused by the seasonal changes in vegeta- 
tion growing in the mana, though the light reflected by the mana does not show at any 
season infrared reflection characteristic of the green chlorophyll of plants It is true that 
some primitive plants like lichens and liverworts do not exhibit chlorophyll spectrum 
in reflected light, so that the reflective properties of the Martian mana could perhaps 
be attnbuted to the existence of some sort of vegetation But such vegetation could only 
be of the most pnmiave kind Mars, therefore, 2 s Sir Harold Spencer Jones has suggested, 
would seem to be at best a planet of spent and receding life of an extremely low order 
The choice thus lies between treating Mars as another and, lifeless desert perched in the 
sky, or as something that will soon be one The new evidence yielded by the recent 
close-ups of Mars obtained by the USA's Mars flyb)— Manner IV— has not provided 
any ground to change this conclusion They are a remarkable senes of photographs 
3 
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taken at distances ranging from 4000 to 6000 miles only from Mars during a 25-minute 
sweep across the planet’s southern hemisphere (Pi 8 and 9) They seem to suggest 
that Mars is a planet of broad desert stretches with an extremely rarefied atmosphere 
consisting of nitrogen, argon and carbon dioxide The existence of numerous shallow 
craters makes it resemble our moon more than the earth There is, therefore, little support 
for the idea that life can subsist on Mars But we may hope to learn more when instru- 
ments are landed gently mto the crags of the moon and the mana of Mars Wc shall 
leam much about the origins of life and its mechanisms by sccmg die products ofc\olunon 
in odier celestial climes We shall then know more positively than wc do now whether 
life can be built on a radically different pattern with, say, sdicon in place of carbon, 
chlorination in lieu of oxidation, controlled disintegration of radioactive atoms instead 
of photosynthesis and chemical combination, and a nervous system built on the principle 
of the wireless rather than that of the telephone exchange. 

However, judging by present indications, our own earth seems to be the only abode 
of intelligent life m the solar system When we consider that barely 10 per cent of the 
stan in our Milky Way are bom single and not every such star lias a planetary system, 
and further that only 10 per cent of its planets may acquire the right blend of mass, axial 
rotation, distance, and other attributes likely to favour the emergence of life and intel- 
ligence, wc may well appreciate how scarce and lonely life must be wherever m the 
universe it may have chanced to sprout. Assuming as a rough reckoning that not more 
dian one star out of a milli on taken at random can possibly have a planet with life on 
it at some particular stage of development, there may well be hundreds of thousands of 
inhabited planets in our own Milky Way of some 200 billion stars In the larger universe 
of hundreds of millions of galaxies wc may expect to find billions of inhabited w orlds 
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CHAPTER FIVE 

THE ARCHAEOZOIC ERA 
(Lower Pre-Cambrian ) 


The earliest known history of the earth is recorded in rocks called Archaeozoic or 
Archaean which are variously estimated to be 2 500,000 000-1,375,000,000 years old 
Tiie spin of die Archaeozoic Era is believed to be over one billion years, which is about 
one-fourth of the age of the earth itself Fig 10 shows the ages and spans of successive 
geological eras of the earth and Rg 11 the ages and spans of geological periods 
since the Cambrian, with representative animal and plant forms 

Comprising a crystalline complex and made up of various kinds of igneous and 
mctamorphic strata the Archaeozoic rocks occur below the well recognized stratified 
deposits They form the core of all great mountain chains of the world, and the foundation 
of ancient plateaus 

Archaean rocks in India The greater part of the Indian peninsula is occupied by 
the Archaean rock system (Fig 12) In Hyderabad, these rocks are eroded into fantastic 
forms like megaliths with boulders precariously perched on them (Pi 10) 

Traces of Primitive Life 

For a long span of time, our planet lay barren and lifeless The great continental 
platforms, rocky and bleak, were surrounded by vast oceans whose waters rose and fell 
in the form of tides 

Being the oldest of the earth's crust, the Archaean rocks ought to show evidence of 
the earliest forms of life Owing chiefly to the extremely metamorphosed nature of 
these rocks and the delicate nature of the primitive life, hardly any determinable evidence 
of the earliest life has been obtained from the Archaean rocks The climate was favour- 
able for the existence of life during this era Perhaps due to metamorphism, all the life 
that existed perished without leaving behind any trace Indirect evidence that life might 
have exited during the Archaeozoic is provided by the occurrence of beds of graphite, 
limestone and iron ore Graphiteis of organic origin The enormous quantities of crystalline 
limestone together with bedded graphite schists may be of algal origin, since algae alone 
are capable of precipitating lime carbonate The occurrence of iron ore perhaps implies 
the existence of bactena in the Archaeozoic, since bacteria and other microorganisms 
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are known to cause the deposition of ferae h) droxzde It is on this basis that die iron 
formation in the Hudsons Bay district of North America has been attributed to bacterial 
action. 

A few fossil forms have, however, been discovered from the Archaean rocks In 
Finland, small sac-hhc, sausage-shaped forms have been recovered from the late 
Archaeozoic rocks and these are believed to be the remains of primitive algae The 
hemispherical masses, the Eozoon, with crude concentric layers of lime carbonate and 
the Adlolama, the crude, cone-shaped masses with both concentric and radial structures, 
the latter known from the limestones in the Rainy Lake region of south-western 
Ontario, are believed to be plant secretions most probably of algal origin 

The Archaeozoic Era ts unfortunately devoid of any life forms From the direct 
or indirect evidence mentioned above one may surmise that life was very simple, com- 
prising predominantly of viruses, bacteria and primitive algae Even to reach this 
level of organization, it required a time span of over one billion years. 

ORIGIN OF LIFE* 

Research during the last two decades has clearly established that the chemical 
Deoxynbose Nucleic And (DNA) commutes the chemical substance of heredity in 
all living organisms, excepting some plant viruses in which the chemical involved is 
Ribose Nucleic Acid (RNA) DNA and RNA are the only chemicals with the property 
of self-replication, an essential requirement of life. For understanding the origin of life 
on earth, we have to unravel the mechanisms which led to the origin of DNA and to 
the subsequent evolution of DNA into genes and chromosomes which are the deter- 
minants of heredity. Prof J Lederberg has recently made the following convenient 
gzovpi&g of Ah? stages involved m die angm ssd evcl 'utirra of Jiff 

Chemogeny — During this stage, complex organic compounds were produced by 
a variety of non-rephcative mechanisms such as the primitive cosmic aggregation, 
photochemistry of isolated atmospheres, and thermal and spontaneous reactions of 
inorganically catalysed, previously formed regions 

Biogeny — This stage marks the beginning of die replication of the specifically 
ordered polymer, DNA, which specifies the sequence of its own replicas, and of the 
working materials kheRNA and proteins from which cells and organisms were fashioned. 
Random experiments of error in replication and natural selection of their developmental 
consequences, resulted m the panoply of terrestrial life. , 

•The portion - on Origin of Life (pp 39 S3) in dm chapter has been contributed by Dr M. S Swatnitudun 
Director IARI, New Delhi 
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Cognogeny— T bs stage marks the evolution of the mechanisms of perception, 
computation and symbolic expression and interpersonal communication, whereby 
tradition can accumulate, culture unfold. 

Chemogeny 

Approximate!) 140 )ears ago, experimental investigations disclosed that the organic 
compounds which arc found in living systems do not require those systems for their 
production In 1828, Wohler demonstrated that a chemist could synthesize an organic 
compound, urea, from inorganic reactants Since 1950, experiments have been performed 
and interpreted to indicate that the synthesis of organic compounds not only did not 
require a cell, it did not require a chemist either All that was necessary was the 
appropriate reactants and. suitable geophysical conditions Thus, Calvin and coworkers 
were able to obtain formaldch) de and formic aad by exposing carbon dioxide and 
water to a simulated primordial geochemical environment Such work was followed 
by the experiments of Miller and Urey in which four protemogenous amino acids were 
obtained by releasing electric discharges in a reducing atmosphere Thus, ample evidence 
became available to indicate the probable pathways through which amino acids and 
proteins can arise from simple inorganic compounds 

The idea of the spontaneous generation of Ufe from non-life was a ver) controversial 
one for man) )ears Louis Pasteur, who showed by simple experiments that life can 
arise onl) from pre-existing life, had, however, envisaged that life in its initial form 
could have arisen from non-living matter In 1878 he wrote “Spontaneous generation — 

I have been looking for it for 20 years but I have not )et found it, although I do not 
think this is an impossibility” Pasteur’s experiments, which demonstrated convincing]) 
that bacteria and other microorganisms can only ansc from pre-existing bacteria or 
other organisms and that the de novo origin of life in an) decaying organic medium is 
impossible, led to the wide acceptance of the view that the spontaneous generation of 
Vift vs vuj'pavv.y.e Today , vie. cm igwn. of dve tpontancaui ^cnccatioo. of Ufh hut 

not in the sense Pasteur meant it, bi f the view point of the spontaneous generation 
of organic compounds over mil! f years and the subsequent origin of the first 
primitive living system * 
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One of the major energy sources for early chemical reactions on the primitive earth 
was probably ultraviolet light, although other energy sources could hue existed The 
ultraviolet light which now reaches the surface of die earth is only a small fraction of 
what probably reached it two billion years ago This is due to the presence of a layer 
of ozone in the upper atmosphere which filters out most of the ultraviolet component 
of the sun’s light The very products of early evolution required, and had, an environment 
conducive to the synthesis of complex organic molecules, ultimate!) giving rise to hvmg 
units capable of metabolic activity These primitive cells gradually changed the environ- 
ment by the metabolic evolution of 0„ and the subsequent formation of an UV shielding 
ozone layer to such a point where die primitive synthetic processes could not proceed 
on the same lines Thus, further biological evolution was essentia! for the development 
of Ufc Pi 11 gives a diagrammatic sequence of possible pathways of early organic 
syntheses leading to the primitive cell 

Biogcny 

Most of the present day thinking on the ongui of life is derived from an 
essay J B S Haldane wrote on tins subject m 1925 This changed the thinking of biologists 
from hypotheses based on rather complicated organisms arising out of a simple environ- 
ment to very simple forms of life arising in a complex chemical environment To quote 
Haldane’s words, ' When ultraviolet bght acts on a mixture of water, carbon dioxide 
and ammonia, a vast variety of organic substances arc made, including sugars, and 
apparently some of the materials from which proteins arc built up Before the origin of 
life they must have accumulated until the primitive oceans readied the consistency of 
hot, dilute soup’ The Russian biochemist, A I Oparin, expressed similar views and 
stated, "At first there were the simple solutions of organic substances whose behaviour 
was governed by the properties of their component atoms and the arrangement of these 
atoms m the molecular structure But gradually, as a result of growth and increased 
complexity of the molecules new properties have come into being and a new colloidal 
chemical order was imposed upon the more simple organic chemical relations ” Such 
a process leads to the formation of nucrosphcres or coacervates which arc sometimes 
regarded as the first step in die origin of life With the demonstration during the last 
two decades that Dcoxynbosc Nucleic And (DNA) constitutes die primary dicmical 
substance of heredity m all living organisms excepting m some plant viruses (where 
nbosc nucleic acid or RNA is die chemical involved), a new diaptcr in pre-biological 
chemistry W’as opened up Attempts have been m progress in several laboratories to get 
polynucleotides* synthesized from chemicals which are presumed to Im c existed m the 
‘ hot dilute soup” of Haldane 
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By reproduction, life thwarts time The main molecular phenomenon underlying 
reproduction is the replication of the genetic material, i c DNA Occasional!) , the DNA 
molecule commits slight errors m the process of duplicating itself These small changes, 
v. hich are manifested in the form of mutations, arc the raw material of ev olution Accord- 
ing to Darwin's theory, e\ olution progresses due to the action of natural selection on the 
sanations w hich w ere shown b) De Vnes to be generated by mutations 

However, the ability to replicate itself is not the only property of the DNA molecule 
It can also direct the synthesis of protein molecules, which are the basis of cell structure 
and function The syn thesis of proteins is a constellation of biochemical events in which 
the genetic message encoded in the sequence of the 4 different building blocks of DNA, 
1 e adenine, guanine, cytosine and thymine, is transcribed and translated mto the sequential 
linlong up of 20 different kinds of amino aads by heptide bonds The central problem 
pertaining to the origin of life is the evolution of the highly specific DNA molecules 
How did the DNA molecule evoI\ e from inorganic precursors * How did it acquire the 
ability to repheate and to encode the genetic message » 

The first insight mto the abiological synthesis of nucleic aads was obtained from the 
experiments of S W Fox, who show cd that thermal polymerization of ammo aads under 
conditions simulating that of the primitive atmosphere produces along with a \ancty of 
other compounds, ureidosuccmic aad The latter compound is known to be a key inter- 
mediate m the biosynthesis of nucleic aad bases Chemical analysis of protcmoids obtained 
m the above experiment also demonstrated that the nucleic aad base guanine can be 
synthesized in this way 

J Oro, working m the Department of Chemistry at the University of Hanston 
Texas, showed that prolonged heating of a concentrated solution of h)drocyamc 
aad in aqueous ammonia at a temperature of 100 3 C produced adenine Adenine 
is not only one of the four nitrogenous bases of DNA but also a most important 
cocnzyme For example, it is the building block of adenosine triphosphate, the bio- 
logical energ) currency 

The reasons for employing h) drocyantc aad as the starting material in the abosc 
experiment are as follows 

(a) Hydrocyanic aad is considered to be an intermediate in the synthesis of ammo 
aads from primitive gas mixtures 

(b) Urey has postulated that since the origin of the earth more than 4 billion years 
ago, se\ oral comets ha\e collided against it, strewing the surface with carbon compounds 
Since hy drogen cyanide occurs m the tails of comets, it is reasonable to postulate that the 
primordial atmosphere of pnmirn e earth con tamed large quantities of hydrogen cyanide 
or its reaction products 
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More recently, starting with punne precursors, Oro was able to achieve the non- 
cnzymauc synthesis of guanine and uracil. 

Ponnamperuma and his associates of Exobiology Laboratory of NASA obtained 
adenine by irradiating a mixture of methane, ammonia, hydrogen and water with a high 
energy electron beam which simulated the energy emitted from potassium-40 spread 
over tire primitive earth Subsequently, the same group of workers irradiated an aqueous 
solution of hydrogen cyanide with ultraviolet light The radioautognm of die paper 
chromatogram of the reaction product revealed the formation of adenuic, guanine and 
urea. 

Apart from the punne and pynmtdinc bases, DNA and RNA consist of phosphate 
groups and the pentose sugars, deoxynbosc and D-nbose 

The simplest sugar that is formed abtologically is formaldcliy dc It has been shown 
that absorption of UV by formaldehyde gives rise to a senes of sugars w luch includes 
deoxynbosc and D-nbose. 

How did die punne and pyrimidine bases link up with sugar and phosphate to give 
rise to the building blocks of DNA and RNA » How did these building blocks poly- 
merize to give nsc to the nucleic acids ? 

Adenine — Deoxynbosc — Phosphite 
Base Sugar 
Nucleoside 

Nucleotide 

Ponnamperuma and Young have suggested that activation of punne and pyrimidine 
bases by UV facilitated their linking up with sugar molecules to give me to nucleosides or 
deoxynuefeosidcs They have also shown that irradiation of adenine and nhosc hy UV 
in the presence of a phosphate gives nsc to adenosine. They hav c further shown that UV 
irradiation of ademne, ribosc and the ethyl ester of polyphosphate produces adenosme 
diphosphate and adenosine tnpliosphate Thus, ATP (adenosme tnphospliate), the bio- 
logical energy currency, could also be produced ^biologically Schrtmm has emphasized 
the possibility of polyphosphate esters playing an important role in die evolution of 
nucleotides and their subsequent polymerization to polynucleotides This possibility 
gams support from the observation that cv cn in the organisms living today polyphosphate 
esters like ATP continue to play a similar role. Further, some primitive microorganisms 
accumulate large quantities of polyphosphates which can be incorporated into organic 
compounds as needed. 





44 


EVOLUTION OF LIFE 


Schramm’s suggestion is m accord with known biochemical facts Phosphoric acid 
occurs only m the form of polyphosphates above a temperature of 300°C It is quite 
conceivable that as the earth crust began to cool, a large supply of polyphosphates and 
reactive phosphorus oxides were available which reacted with punnes pyrimidines and 
sugars to give nse to polynucleotides 

The primitive polynucleotides which were thus synthesized most probably had a 
random arrangement of the monomers, 1 e a random base sequence and consequent!) 
they were incapable of specific function. It is highly unlikely that a chance arrangement of 
monomers would have given nse to even the most pnmitne imaginable organism 
So rare an event could not have occurred in the finite time span during which the earth 
has existed There is indeed a large gap between randomly formed nucleic acids and 
proteins and the ongin of life 

However, one can conceive of the pnmitivc polynucleotide with a randomly 
arranged base sequence, and incapable of specific funenon, evolving in slow steps to 
form a polynucleotide with non-random base sequence and capable of specific 
functions 

Experiments of Mirsky indicate that the primitive polynucleotide probably was 
incapable of specific information, storage and transfer but probably was capable of a 
non-specific but important funenon, 1 e catalysing the synthesis of pol) phosphate esters, 
c g ATP The following paragraph briefly describes these interesting experiments 

Musky showed that small polynucleoudes or larger ones of simple composition can 
perform the important funenon that is normally performed m the cell by complex and 
specific nucleic aads consisting of thousands of nucleottdes It is experimentally possible 
to subsntutc the DNA of the nucleus by these non-specific nuclcondes if the structural 
background of the cell is not tampered with. Nuclei isolated from calf thymus are known 
to synthesize protein under certain condinons as revealed by the uptake of radioacnve 
amino acids When the DNA of calf thymus nuclei is digested out by DNAase (deoxy- 
ribonuclease), an enzyme which specifically attacks DNA, the nuclei lose their ability 
to synthesize protein It is possible to restore the protein synthesis by adding extraneously 
di- or tnnucleoadcs or larger nucleotides of very simple composition, e g poly A— 
a polynucleotide containing only adenosine monomers ATP synthesis is closely linked 
with protein synthesis. DNAase digested nuclei lose their ability to synthesize ATP and 
consequently the ability to synthesize proteins Restoration of DNA even in the form of 
di- or trinucleotides also restores ATP and thereby protein synthesis 

The fact that small non-spcafic nucleotides can catalyse ATP synthesis indicates that 
this might have been the original funenon of pnmiuvc polynucleoudes which lacked the 
speafiaty to funenon in the transmission of heredity Dunng the course of evoluuon 
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these polynucleotides have acquired the complexity and the speafiaty needed to encode 
the message of heredity 

Another question which is to be answered in this context is What arc the minimum 
conditions for the evolution of a self-tephcating system t 

For a possible answer one can again look at the relevant molecular events taking place 
in organisms living today. On the basis of stenc and chemical evidences, Watson and 
Cnck showed that the 2 polynucleotide helices of DNA have a base composition com- 
plementary to each other and that complementarity of base composition is the primary 
requirement for 2 polynucleotide strands to pair (Pi 12) Meselson and Staid have 
demonstrated that a strand of polynucleotide serves as a template or a matrix for die syn- 
thesis of a complementary strand, which m turn serves as the template for the synthesis 
of the original strand Symbolically, matrix M catalyses the formation of the comple- 
mentary matrix M c which in turn catalyses the synthesis of die original matrix M 

M M c 

I ^ 

Pro tern 

Also, M and M c mediate the synthesis of a protein which m turn controls the replication 
of these matrices 

Schramm has shown that these mutually and catnlyncally interacting matrices of 
polynucleotides and proteins (enzymes) arc paralleled even under the conditions of 
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non-enzymatic synthesis of polynucleotides He has shown that the non-enzymatic or 
abiological synthesis of polyund)hc aad is accelerated 10-fold in the presence of poly- 
adoiyhc aad (Hg 13) 

This clearly indicates that polymerization of a polynucleotide strand is favoured by a 
complementary strand One can then argue that, if in the course of chemical evolution 
the formation of nucleotide strand earned any selective advantages, then these in turn 
favoured the synthesis of complementary strand, which in turn speeded up the synthesis 
of the original strand It is imaginable how such a system may gradually gam perfection 
Schramm also showed that pol) arginine, a synthetically prepared polypeptide, speeded 
up the formation of a polynucleotide chain It remains to be seen whether polynucleotides 
do favour the abiological synthesis of pol) peptides 

Thus, it has been possible to re-enact in the laboratory the first few scenes of the 
great drama of the ongm of life and to gam insight into the guiding prmaplcs which 
have determined the sequence of events m tins great event 

Evolution of Chromosome Organization 

For a variety of reasons, the genetic material m all higher organisms is organized 
into chromosomes Chromosomes are rod-like bodies found m a dividing nucleus (Pi 13) 
Chemical analysis has revealed that DNA and histones arc the major chromosomal 
constituents The absolute amount of DNA and histones per chromosome remains 
constant throughout the cell c>cle In addition to these, chromosomes also contain a 
variable amount of minor constituents such as RNA and acidic proteins (Pi 14) 

Optical and electron microscopic anil) sis of chromosomes has revealed their 
mulustrandcd nature Electron microscopy has further aided cy tologists m identifying 
the basic building block of chromosomes — a microfibrd, 200-250 A in diameter 
These fibrils consist of DNA and histones The presence of histone enables die lateral 
linking up of several DNA strands of similar base composition to giv c rise to a muln- 
stranded chromosome (Pi 14 and 15, Fig 14) The precise 3-dimensional pattern in 
which these microfibnls are vv ov cn into die chromosomal fabric, however, is not clear 
"What are the different stages in the evolution of the complex chromosomes of 
higher organisms from the primordial, abiologically synthesized DNA molecule ! 

Electron microscopic studies of chromosome organization of organisms living 
today has provided a partial answ cr to this question 

The most primitive and the simplest land of organization of the genetic material is 
found in the prokary otes, i e a group of organisms lacking m (») organized chromosomes, 
(u) nuclear membrane, and (m) mitosis Bacteria, bacteriophages, viruses, and bluc-grccn 
algae arc organisms belonging to this class Electron microscopy of the nuclear material 
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DIAMETER OF 
SINGLE UNITS 
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of prokaryotes reveals 25 A DNA fibnls which do not have any regular geometrical 
arrangement Cytochcmical techniques mdicacc the absence of lustones The DNA of 
bactcna (Fig 15 1) and T-evcrt pliages appears to exist m the form of a circle — a fact 
which is m accord with the occurrence of circular linkage maps in these organisms 

The next m the order of increasing sophistication of chromosome organization arc 
dmoflageUates — a group of unicellular organisms The dinoflagcllate chromosomes (Fig 
15 2), xmhkc those of higher otgvnrcrms are vtstble dumtghoat the dmstan cyo'c of the 
cell Histones are again, absent and the process of mitosis is of a primitive type The DNA 
fibnls in dmo flagellate chromosomes show a regular 3-dimenstonal arrangement unhke 
those of prokaryotes Hans Ris is of the opinion that the diromosomes of dmofligcllates 
represent an intermediate order of organization between those of prokaryotes and higher 
organisms (Eukaryotes) 

The next m the sequence of clixomosome evolution was the origin of the type of 
chromosome we see in all higher organisms Here the chromosome Jus a well defined 
morphology The chromosome number is usually constant for a species and vanes 
between species or genera The lowest chromosome number m animals occurs m the 
roundworm Ascans winch has 2 chromosomes in the body cells, and among plants, in 
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Haphpappus gracilis which his 4 chromosomes m the somatic cells Some ferns like 
Ophwglossum ha\ c o\ cr 1200 chromosomes 

The chromosome type of organization of genetic material provides a means of 
maintaining a balance between stability and variability , a feature essential for the survival 
of speaes Because different genes may be located on different chromosomes, the law of 
independent assortment of genetic factors postulated by Gregor Mendel can operate 
efficiently This phenomenon enables the origin of extensive new variability through the 
continuous reshuffling of genes Thus, starting with the simple type of organization found 
in bacteria and blue-green algae, w e find that in nearly all higher organisms, well organized 
chromosomes serve as the carriers of hereditary particles 

Ev elation of Genetic Regulatory Mechanisms 

Since in multicellular organisms, all the cells arise from a srnglc initial cell (zvgotc) 
it is clear that all cells contain identical chromosome sets and genetic factors Under 
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inch conditions, the cell should have the potency to exp ms all the diaratter* of the 
organism. Fig. 16 shows, dugrammaticafiv, difter cut steps in the operation of tl *■ genetic 
code. Tint tilts is indeed the case has been demonstrated by T.C. Steward ard Jus colleagues 
in the United States w ho pro<l need in artificial cultures entire carror phnts from individual 
cells of tlie carrot roots. SmuUrly, E. I ladom of Zunch has shown tint cells of the sir agnal 
disc of the fruit fly Dwyiih reisi trader form wings, antennae, legs or genital organs 
m culture tubes. While the cell is thus totipotent, the differenuation of cells into tissues 
and organs demands that not all genes on be active in all cells. There has to exist a system 
of selective activation (derep rest ion) and inactivation (repreven) of gen a m different 
cells. Probably only a small portion of genes are active at an} one time. The processes 
which regulate genes are current]}* one of die most fascinating arras of research. 
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There appear to be at least two levels of gene control. One of these involves a very 
selective control of individual structural genes. The other involves the inactivation of whole 
chromosomes. The genetic sys terns that control gene action arc best understood in bac- 
teria and the system proposed by the French scientists Jacob and Monod sen es as the basis 
for studies in this field (Pi. 16). The bacterial control systems arc composed of two 
genetic elements, each distinct from the structural gene. One of them designated the 
operator’, is located adjacent to the structural gene (or sequence of structural genes) and 
controls its activation. The structural gene, when activated, is responsible for the produc- 
tion of a particular sequence of amino acids and thus for the specificity of a protein. The 
second element of this system, termed the ‘regulator, may be located close to the struc- 
tural gene or it may be located elsewhere in the bacterial chromosome. The regulator is 
responsible for the production of a repressor substance that appears in the cytoplasm. 
The operator element responds to changes m degree of effective action of the repressor 
substance by ‘turning on or ‘turning off’ the action of the structural gene m accordance 
with such changes. Each operator-regulator system is specific m that an operator will 
respond only to the specific product of the regulator of its system. Cytoplasmic feed back 
is thought to occur through influences on stability of the repressor-operator complex. 

Knowledge of regulator genes is still largely restricted to microorganisms. Opcron 
systems of control arc, however, suspected in several higher organisms mcludtng man. At 
the level of the chromosome, uncoiling and dissociation of the DNA from the hisronc 
arc believed to play an important part in gene activation. Gene action is usually repressed 
m a tightly coded chromosome segment The potentiation of the nucleotide sequence 
within a gene for the formation of an RNA copy requires that the histone component 
be separated from the nucleic acid. Frcnster has recently postulated that the polyanions 
present in the chromosomes such as RNA, phosphoprotcins, phospholipids and non- 
histone residual proteins may displace histones from DNA and thus help in genetic 
dcrcprcssion (Pi 17). Mechanisms of this land help in differential gene action. 

To summarize, the polynucleotides synthesized at the dawn of life soon got organized 
into an orderly sequence. This orderliness readied a high state of elegance m the chromo- 
somes of higher organisms Systems of regulation of gene action soon arose, which set in 
motion a chain of differentia non mechanisms and thereby led to the origin of multi- 
cellular organisms, with well differentiated organs, from simple unicellular organisms. 

Time Factor in Evolution 

Blake wrote in 1793 that “to create a little flower is the labour of ages”, a beautiful 
way of expressing that evolution is a very slow' process. Haldane guessed that if two 
spcacs of mammals differed from each other by a thousand genes, it would take about 
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half a million years for the origin of a new species Recently, fairly precise estimates of 
the rate of evolution of genes determining the structure of the blood-cell protein, cyto- 
chrome C, have become available A rough estimate for mammals is one gene replace- 
ment every 10 million years Regarding this as 3 million generations, this is about 1 /10.000 
of the number of substitutes expected with Haldane’s theory This is consistent with there 
being about 10,000 times as many genes altogether as there are those determining haemo- 
globin structure Thus, Haldane's calculation seems to be substantially correct and provides 
an idea of the time factor involved in the later stages of evolution 

Evolution of Enzyme Systems 

The metabolic reactions of living organism are mediated by biological catalysts 
called enzymes It is interesting and highly suggestive that most of the enzymatic reactions 
taking part in a living organism can be mimicked by the chemist m the laboratory using 
non-enzymatic catalysts For example, freshly precipitated tnvalent metal hydroxides 
can catalyse the same reactions which are mediated by phosphatases m the living organisms 

One particular group of catalysts which is centred round the element iron, e g 
catalase, peroxidase and cytochrome, is very instructive, because in this case a comparison 
can be made in quantitative terms between the catalytic ability of the bare iron atom 
and the iron containing enzymes of living organisms The incorporation of an iron atom 
into a porphyrin, i c haem, and the incorporation of iron porphynn into a protein as in 
the case of catalase, boosts the catalytic efficiency from 10~ s to 10 s 

Melvin Calvin has pointed out that in order to convert the rudimentary catalytic 
ability of elements and their simple compounds into the highly efficient catalysts in the 
form of enzymes, two concepts, one from chemistry and the other from genetics, have to 
be invoked. 

The concept from chemistry is autocatalysis, l e the ability of the product of a reac- 
tion to catalyse the conversion of the precursor into itself For example, cupric ions get 
converted mto cuprous ions in the presence of molecular hydrogen hi the absence of a 
catalyst, die reaction would be inordinately slow However, it so happens that cuprous 
ion itself catalyses this reaction, accelerating it manifold 

The other concept which is relevant in this context has come from the geneticist 
Horowitz, who has suggested that the very complex and interacting senes of reactions 
which are responsible for the synthesis of most of the biological matenal m present day 
organisms could have evolved in a backward manner from completely heterotrophic 
organisms He has postulated that the first living things were complete heterotrophs and 
all the precursors for their own duplication were available to them. It is conceivable 
dwt when one essential precursor gets depleted, only those units would survive which 
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have found a way of synthesizing the depleted precursor Such a process of progressive 
depletion of essential precursors with the evolution of more complex chains of reactions 
to synthesize them, has resulted m the complex metabolic pathways one finds in organisms 
living today 

With these concepts it is possible to conceive of a process leading to the formation 
of an efficient catalyst One can consider a particular example such as the synthesis of 
iron porphyrin It is known that glycme and succinic aad which can be produced abiologi- 
cally from primitive gas mixtures arc the precursors in porphynn synthesis Assuming 
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that one or more steps in this reaction, are dependent on iron catalysed oxidation, it is easy 
to see how iron with its catalytic ability boosted up manifold due to its incorporation 
into the porphyrin group, would autocatalyse its synthesis Thus, complex enzymes 
could have evolved from crude elemental catalysts like iron by a process of autocatalysis 
and the progressive improvement of the catalytic ability of the elemental catalyst by its 
association with some of the intermediaries in the reaction 


SIMPLE FORMS OF LIFE 

Filterable viruses The simplest organisms known are filterable viruses which are 
so small that they can pass through filters, and are hence also called ‘Filter-passers' They 
are smaller than bactena, and cause certain diseases such as measels, infantile paralysis, 
rabies, cattle-pneumonia and foot and mouth disease In plants they cause many diseases 
Yellow leaves and leaf mosaic seen m many plants are due to viruses They cannot be 
seen under the ordinary microscope, and can only be photographed under an electron 
microscope On account of their transparency they are difficult to photograph and their 
outlines are revealed when plated with molecules of gold. Thus, their identity has been 
established only on photographic plates, and they cannot actually be seen by the human 
eye The filterable virus associated with cattle-pneumonia is like a tiny ball, which swells 
up, little protuberances arise on its surface, which get nipped off and these in their turn 
reproduce m a similar manner Thus, it possesses the main attribute of living matter, the 
capacity to reproduce itself According to some, the ancestors of viruses were free living 
pre-cellular forms of life which managed to survive by becoming parasitic on cellular 
organisms According to another view, they have arisen from detached fragments of 
the genetic material of cellular organisms 

Bacteriophages Like the filter-passers, the parasites of bactena, called ‘bacterio- 
phages* are on the borderland between the inert and living matter De-Herelle, who 
discovered them, is of the view that they are alive, and they are able to reproduce them- 
selves and multiply They continue to grow and multiply as long as they get supplies 
to consume The bactenophages and filterable viruses can be regarded as providing a 
link between the two states of matter — the living and the non-living 

Bacteria. They are tiny organisms, usually about 125 000th of an inch in diameter 
Bacterial cells exhibit three fundamental shapes they are rod-shaped (bacilli), round 
(cocci), or wriggling (spinlli) (Fig 17) The wngglers have hair-like appendages which 
propel them No obvious internal structure can be discerned Two species which appear 
identical may have different effects, one may cause a deadly disease, and the other may 
be useful to human beings Pathogenic bactena cause diseases such as tetanus, diphthena, 
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tuberculosis, gastroenteritis, typhoid, cholera, syphilis, etc. There arc many bacteria 
which arc our friends. They fix nitrogen in the soil, and are useful in the preparation of 
sour milk, vinegar and cheese. They flavour wines, cure tobacco, tan leather and assist 
in the retting of jute. Bacteria arc extraordinarily resistant to heat and cold, and 
arc known to have survived, even after six months in liquid air at — 190°C The)" breed 
by fission at a rapid rate, about once ever)' half an hour. It has been estimated that if the 
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entire progeny of a single bacterium is kept alive, it would total 281,476,587,353,856 
members by the end of one day 

A kind of bacterium cats bricks, is also found on decaying stones, and doubtless it is a 
type of organism -which helped to manufacture soil from barren rocks and mountain 
peaks in the earth's youth, thus making the world fit for higher plants and animals to 
live m 

Very probably bacteria had become fairly abundant m the Archacozoic Era 
Recent electron microscopic study of Gunfknt chert, a sediment in southern Ontario, 
Canada, by Schopf, Barghoom, Maser and Gordon of Harvard University has revealed 
the occurrence of well preserved rod-shaped and coccoid bacteria The age of the chert is 
estimated at 1900 million years, viz. the early ArchaeozoicEra Tins appears to be the oldest 
definite occurrence of bactcna in the fossil record The rod-shaped bacteria are about 1 
long and 0 55/* wide They are found as isolated cells, in clumps of 6-8, or m chains up 
to 7 cells long False branching has been observed in some cases The coccoid bactcna- 
hke objects ate 0 35/* in diameter These organisms are morphologically comparable with 
certain forms of present day iron bactcna It is thus possible that anaerobic heterotrophte 
bactcna were among the earliest forms of living organisms on this planet 

Blue-grccn algae. Following the appearance of differentiated protoplasm, organisms 
resembling the present day blue-green algae may have been among the first to evohe 
Modem blue-green algae attain their greatest development under warm, humid, subacml 
conditions, or in fresh waters They show gteat resistance to extreme conditions and exist 
in snow as w ell as in hot water springs Though they can tolerate high salt concentrations, 
they arc not usually abundant m marine habitats Tins suggests that die major evolution 
of bluc-grecn algae occurred when sea water was much less saltish than it is now There 
is some evidence that anaerobic conditions persisted almost to the Canibmn and the fact 
that most bluc-grecn algae tolerate reducing conditions, and some spcacs at least can 
utilize reduced inorganic compounds, suggests that these plants appeared before the 
atmosphere became oxidizing The pigmentation o f bluc-grcen algae might base originat- 
ed as an adaptation to the low intensity of light on the surface of the pnminvc earth winch 
was wrapped in dense clouds 

The bluc-grecn algae have some resemblances with bactcna, c g cell structure, type 
of reproduction, absence of chromarophores and a nucleus There are sescral bactcna 
which have die forms of Aphatwcapsa, Aphauothccc, Sptnthtta and Osallatom Latamosioc 
offers a good companson with some of die Chroococcales The filamentous bacterium, 
ChJothnx resembles Tolffcthnx There is likewise, a similanty between Craiothnx and 
However, the bluc-grecn algae differ markedly from bacteria in the absence of 
aha and possession of pigments and are thus more advanced organisms 
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The blue-green algae seem to have passed through different cvolunonar) stages in 
geological time The simplest types now in existence, resembling most doselj the 
ancestral forms are unicellular forms like Chroocoeats, Synechococais, Microcystis, Aphano- 
capsa and Gloeocapsa belonging to Chroococcalcs The only type of reproduction known 
m them is by fission or simple cell division in one, two or three planes In forms like 
Aphatxocapsa and Gloeocapsa, cell division takes place in three planes resulting in more or 
less spherical colonies, while in forms like Mcrismopedia and others, cell division takes 
place alternately in two directions, in one plane In Synechocystis the cell division takes 
place m one direction only and there seems to be a tendency for the plant to stretch and 
elongate From these simple one-cclled organisms arose members of Chamacsiphonales 
and Plcurocapsales They developed a distinct base and apex 
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The other hnc of advancement is the development of multicellular plants which form 
tnchomes or row's of cells with or without an enveloping sheath as is seen in OsalUtorut 
and Lyngbya belonging to Oscdlatonaccac The sole method of reproduction in the 
members of these genera is by the formation of hormogoncs which are nothing more 
than a group of two or more cells that breaks away from the parent plant and develops 
into a new one (Fig 18) 

Life During the Archacozoxc Era 

The organization of living matter, probably, took place in the early part of the 
Archacozoic Era It is very likely that before die Archaeozoic Era closed, pnminve algae 
protozoa, coclcntcrates and possibly also sponges were m existence It is believed that the 
primeval oceans did not contain lime, and it was only when the nvers earned sufficient 
quantity of it into sea water, that some of the protozoa-hke Foramimfera and Radiolana 
acquired the habit of manufacturing shells which could be preserved as fossils 
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THE PROTEROZOIC ERA 
(Upper Pre-Cambrian) 

The Age of the Primitive Algae and Protozoa 


The Proterozoic Era indudes the time between, the Archacozoic and the Palaeozoic 
and u estimated to have lasted for 850,000,000 }cars The Proterozoic presented a barren 
landscape, with jagged rocks, and there was considerable volcanic activity It was also a 
period of active erosion, as the night and day temperatures were sharply contrasted, and 
there was no plant cov cr to bind the soil Torrential rains were followed by floods, which 
spread the disintegrated rocks and sand over the face of the earth. Avalanches of rocks and 
restlessly drifting sand dunes produced a weird landscape. Except for how ling winds, it 
was a dumb world, for there were no animals on the land The Proterozoic closed with 
continental uplift and mountain building on a large scale, followed by intense glaciation 
North America was extensively glaciated and glaaal deposits have also been located in 
Yangtse region of China, South Australia, South Africa, India and m the Salt Range of 
West Pakistan. 

In India, rocks of the Proterozoic Era arc represented by the Cuddapah and Vindhyan 
systems, 1400-550 million) cars old. The Cuddapah s) stem consists mainly of quartzites, 
sandstones, slates and limestones developed m Andhra Pradesh, Orissa and Madhya 
Pradesh. Roughly contemporaneous with the Cuddapahs is the Delhi system of slates, 
phylhtes, metamorphosed limestones and quartzites exposed along the main axis of die 
Aravalh range from Delhi to Idar m Gujarat The system is intruded by granites such 
as the granite massif of Mount Abu (Pi 18) Pi 19 shows the Alw'ar quartzite bclong- 
isg so the Ddhi spirm The racks of shs system ate more or Jess bnnznnnlh 

bedded sediments exposed over a large area m Bihar, Madhya Pradesh and Rajasthan 
The upper Vindhyans are generally considered to be of the Cambrian age. 

Proterozoic Life 

The Proterozoic Era was the age of simple organisms like alg3e and protozoa 
Myxophjeeae, the slime algae, which possiblj evolved from strains of bacteria, and like 
them lack nuclei, must have placed a dominant rote m this era These slime algae covered 
the bare Proterozoic rocks, and were perhaps the first land plants Along with bactcna 
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they were the pioneer soil builders Late in this era, there was a deposition of iron com- 
pounds like haematite {Fc»O s ) over the bottom of shallow seas, possibly ducto bacterial 
action The iron ore deposits of USA, Brazil, and Sweden arc regarded as organic 
in origin Calcareous masses deposited by algae (Pi 20), skeletons of Radiolam, spicules 
of sponges, and worm tubes ha\c also been found Unicellular calcareous flagellates and 
filamentous forms comparable to Rivulana and OsciUatona arc known from southern 
Ontario Life forms during this era w ere probably delicate and devoid of shells and harder 
parts and that perhaps explains the paucity of records Impressions ofjcllj-fish.BreeUelfe 
can) on emu, found from die Proterozoic strata under the Grand Canyon, Arizona, USA 
(Pi 21), are, however, significant in this respect Certain structures resembling vascular 
plant spores have been found m the Raipur area of Madhy a Pradesh 

BASIC STEPS IN EVOLUTION 

Owing to the paucity of fossils in die Proterozoic, it is not possible to decipher die 
early steps in die evolution of life The abundant comparable life forms in modem protista 
and the odier unicellular and primitive plants and animals do, however, point towards 
certain basic cv olutionary trends as discussed below' which might have characterized die 
pre-Cambnan life 

Protista The primordial living beings like Chhmydomonas which combine bodi 
plant and animal characteristics and referred to ‘Protista* by Haeckel were perhaps 
common m the Proterozoic seas Chtamydomcnas has two hair-like appendages with die 
aid of which it moves about in water In this respect it can be called an animal, a flagellate 
member of the phylum Protozoa On the other hand, it also has a chloroplast containing 
chlorophyll Chlorophyll plays an important part in photosynthesis, die process by which 
complex organic substances are built up by plants from COj of die air and hydrogen and 
oxygen ofwatcr It is plants alone which arc able to feed at such an elementary level and 
char CrsttsSmtt die kmetre errorgj cf sunlight into die complex potential dienoctl energy 
of foodstuffs like starches and pro terns an which the animals feed Thus the possession 
of chlorophyll by some protista, of which ChLmydemonas is a living representative, is a 
chemical and phy siological achicv cmenr of the highest order which made the life of plants 
possible and through them of animals including man 

Divergence of plants and animals The protista lie at the base of the tree of 
evolution ofhfe Neither clearly plantsnor animals they indicatca stage of die parting 
of the ways between plants and animals which is one of the great steps m evolution 
May be the animals developed by loss of chlorophyll from the protista, on account of 
assumption of a more acme life On the odier hand, the plants developed from protista 
by Ion of flagella, which led to a more passive existence As Patrick Geddes and 
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Arthur Thomson say, “The plant cell, by shutting itself up in a wall of cellulose, Instead 
of fully oxidizing this substance, and perhaps also by less efficient elimination of 
nitrogenous waste, doomed itself to fixity and to sleep." 

This great step in evolution, the divergence of plants and animals, perhaps took place 
early in the prc-Cambnan Eras. The tree of life forked out into two main stems, the plants 
and animals, which, with the lapse of time, divided and sub-divided into numerous branches. 

Differentiation of cells. Primitive unicellular organisms, like Protozoa can be 
divided into three groups: very active, moderately active and passive forms. Infuso- 
rians like Paramecium and Trypanosoma represent the very' active forms which swim 
about in w-ater with the aid of hair-like appendages. At the other extreme arc quiescent 
forms like Gregaruia. Between the two are amoeboid forms which represent a compromise 
between extreme activity and extreme passivity {fig. 19). These three forms which arc 
noticed in the Protozoa are also seen among the cells of the higher animals. There arc 
active abate cells, like the abated epithelium which lines our air passages. The amoeboid 
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white blood corpuscles are comparable to amoebae In the skeletal, fatty and connective 
tissues can be seen the passive encysted cells The spertmtozoon is flagellate, the young 
ovum is amoeboid, and the mature ovum is encysted The vegetative cells of plants arc 
encysted, and flagellate and amoeboid phases are seen in their reproductive cells In some 
diseases we see die transformation of one type of cells into another, as in a land of sore 
throat, the abated cells of the windpipe sink into an amoeboid phase The differentiation 
of cells has a physiological basis, the very active infusorian represents preponderant 
anabolism, the passive encysted forms represent preponderant katabolism, and the 
amoeboid forms represent a compromise between the two This differentiation of forms 
which is noticed m Protozoa and algae was one of the significant evolutionary advances 
and is of great importance among higher plants and animals, reflecting a division of 
labour among cells and tissues 

Formation of body and beginning of death. The simplest organisms like Amoeba 
are single cells, which are physiologically complete in themselves Their common mode of 
reproduction is by fission or fragmentation, the single cell which represents the individual 
divides into two The parent individual becomes directly converted into its children Thus 
the unicellular organisms like Protozoa are immortal In cases like these, one can hardly 
speak of death when there is nothing left to bury. Unicellular organisms are not subject to 
natural death in the same sense as the higher animals They may be killed occasionally, 
but they do not normally the 

Body formation arose from the weakness of daughter units, winch instead of drifting 
apart coalesced into composite masses Thus in Pandorma the daughter cells do not drift 
away, the strength arose, the strength of the body, the strength due to unity While bod) 
formation led to higher organization and advance m life, this was achieved at a very high 
cost, death was the pnee paid for the body 

Origin of sex. The formation of body was followed by another remarkable advance, 
the origin of sex We sec the beginning oftAe innovation even m simple cofoma? firms 
like Pandonna which consists of sixteen similar cells held together by a gelatinous matrix 
(Fig 20) The protoplast of a cell of the colony divides into biflagcllate gametes which arc 
similar in appearance These isogametes fuse and produce a zygospore which by division and 
sub-dmsion reproduces the 16-cclled colon) In forms like Volvox, where the free swim- 
ming colony is a hollow sphere consisting of hundreds of abate cells connected by strands 
of cjtoplasm, we see another advance Some of die cells become eggs Some of the cells 
lose their aha, and divide into a number of bicihatc sperms, which fuse with the egg cells 
Tims, wc sec differentiation of germ cells from bod) cells A division of labour among the 
cells arises, the germ cells being differentiated from body cells This is an economical 
improvement in the starting of new life, and also saves the germ cells from the mishaps 
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which may befall the body It also affords opportunities for mingling of different 
characters in fertilization, and for new organic permutations and combinations, which 
eventually result m new forms. 

Radial and bilateral symmetry, and formation of head and brain Another 
evolutionary advance of a radical type which took place possibly in the late Proterozoic 
Era was from radial to bilateral symmetry In most sponges, and coclcntcratcs like Hydra, 
coral polyps, sea-anemones and jelly -fish, the body has a radial symmetry, that is to say, 
it can be cut into symmetrical halves along many different vertical planes, and there is 
no right or left Radial symmetry is well suited for animals like coral polyps wluch live in 
the uniform environment of the open sea, where all directions mean very much the same, 
and for animals which live a sedentary life like sea-anemones, and wait for food to come 
within the grasp of their tentacles Where an animal has to lead a more active and strenuous 
life, to chase the food, to flee from enemies, and to pursue mates, radial symmetry is 
unsuitable Flat worms, like Plrnana , were the first two-sided animals with head and tail 
ends which took to crawling on one side only with one end always m front In earth- 
worm, we see more advances m the same direction We see the development of head 
and tail ends, and differentiation of nght and left sides The forms like earthworms, 
which mark the advance from primitive radial symmetry to bilateral symmetry, 
began moving with one part of the body always in front which became the head As die 
head end constantly received stimuli and impressions of external objects, it also led to die 
development of brain in the concentration of nerve cells m the form of ganglia, which 
became the anterior brain — the chief motor, sensory’, and coordinating nerve centre of the 
body, ultimately culminating in the complex human brain 

Blood and body cavity. The flat worms like Planana have no circulatory system 
Lack of a blood system doomed diem to flatness, for the body must be of necessity dim 
and flat, so that oxygen of the water could get in touch with tissues of the body Tim also 
led to branching of organs The innovation of coelome or body cavity and a blood or dila- 
tory system appears first in the roundworms Equipment with a blood system provided 
am wppcfiV Ccx gssyirtb, w* thiet dsssgnsrau, ami nivc. ragxfe tacavae coswfwt md 
solid, for blood could bring oxygen to all of them Body cavity or coelome provided a 
cushion for the internal organs like the intestine, and also made them independent of the 
outer body wall The fluid in the coelome with its numerous white blood corpuscles, 
provided a sanitary cordon for the protection of internal organs from harmful bacteria. 

The mouth and the anus The roundworms had another improvement in thar 
structural plan It is the acquisition of two separate apertures for the digestn c tube, the 
mouth and the anus In sponges, there is no definite mouth, and intake of water which also 
contains food materials takes place through many holes In coelenterates like H) dr a, we 
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see a digestive cavity and a mouth for the first dmc. The mouth, however, also functions 
as an anus for the excretion of waste matter, and undigested food goes out by the same 
aperture through which the food is taken in. In roundworms we see mouth and anus at 
two ends of the alimentary canal. This enables the animal to feed continuously, and to have 
the original tube-bke intestine specialized into a succession of regions, each with its parti- 
cular function It is from worms with a bilateral symmetry, with defimte head and tail 
ends, mouth and anus, coelome and blood vascular system, and central nenous system, 
that the higher groups of animals like molluscs, arthropods, and finally chordates arose. 
Some basic steps in the early evolution of animal life as discussed abo\e are indicated in 
Fig. 20. 
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CHAPTER SEVEN 

THE CAMBRIAN, ORDOVICIAN AND SILURIAN PERIODS 
The Age of Marine Algae, Tnlobires, Brachiopods and Cephalopods 


The early Palaeozoic Era comprising the Cambrian, the Ordovician and the Silurian 
Periods includes the oldest rocks with fossdiferous strata The records of early Palaeozoic 
life forms arc not only abundant but less effaced than those of the pre-Palaeozoic Eras, so 
that the steps in the evolution of life can be deciphered with some degree of definiteness 
and satisfaction 

The oldest rocks of the Palaeozoic Era in the British Isles were first studied by two 
British geologists, Sedgwick and Murchison Murchison in 1835 applied the name 
“Silurian” to these rocks, recognizing their rvvo-fold division— the lower and the upper 
Sedgwick, referred the lower Silurian of Murchison to Cambrian after Cambria, an old 
lattn name for a part of Wales Lapworth m 1879 named the low cr portion of the upper 
Silurian as Ordovician after the anaent tribe, Ordovici, known from Wales This three- 
fold division of the oldest rocks of the Palaeozoic is now generally recognized, and is 
amply supported by physical and organic evidences Fig 21 shows the mountains of the 
Armoncan-Hcrcynian system, constituting the rocks which were formed during 
the Cambrian Period 

Early Palaeozoic Rocks in India 

In India, the occurrence of the early Palaeozoic rocks is very much restricted to the 
cxtn-pcmnsubr region The Cambrian rocks occur m the Salt Range in West Pakistan, 
in Spiu m the district of Kangra, and in the Baramula district of Kashmir The Ordovician 
and Silurian rocks arc met with in parts of Spin, and in parts of Kashmir, Hazara and the 
Simla Himalayas Pi 22 show’s a succession of ovcrfolded rocks in upper Lidar \ alley, 
Kashmir, ranging in age from Silurian to Tnassic The early Palaeozoic rocks arc mostly 
marine deposits comprising limestones, sandstones, guartzitc and shales The Spiti area 
has become the classic ground of Indian geology and contains massive stratified deposits 
of the Tethys Sea which during die Cambrian and later periods covered the area now 
known as Tibet and Himala) as From its occurrence m die high snow co\ ered peaks, the 
Cambrian system of rocks lias been named as Haimanta 
5 



Fig 21 Mat sncrro-c tot mountains or tot Aamowcaj. Hucynian ststlm toilmid dotinc the CamWAN 
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The Cambrian shales provide slates for school children, as well as roofing material 
for houses in the Himalayan districts These slates sometimes spbt into plates as thin as 
paper 

A passing reference to a vast stratified formation of sandstones, shales and limestones 
over 4256 m thick m the Vrndh) an mountains will not be out of place This formation of 
rocks is called the Vmdh) an system It occupies over 104,000 sq km of the countrj from 
Sasaram and Rohtas m western Bihar to Chittorgarh on the Aravalhs Some undoubted 
evidences of life, both indirect (limestone, carbonaceous shales, glauconitic sandstones 
lenticcls of coal) matter, vi train, etc ) and direct (carbonized horn) discs and fucoid 
markings), arc probabl) indicative of the topmost part of the system belonging to the 
lower Cambrian Further, the upper Vindhyans are lithologically similar to the Cam- 
brian purple sandstone of the Salt Range The absence from peninsular India of the 
deposits, constituting nearly three-fourths of the earlier Palaeozoic history , is indeed 
noteworthy. 
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OVER-FOLDED ROCKS, SILURIAN TO TRIASSIC IN AGE, FROM THE UPPER LIDAR 
VALLEY, KASHMIR 
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PLANT LIFE 

Algae 

Algae belong to four mam groups blue-green algae, the Cyanophyccac; green algae, 
the Clilorophyceae, brown algae, the Phaeophyceae; and red algae, the Rhodophyceae 
To whichever group they belong, with the exception of their calcareous members, they 
are all soft, jelly-like plants and have hardly left any fossils Some fossils assigned to algae, 
on closer scrutiny, have been found to be mineral deposits For instance, Sp trophy ton, 
which was described as a marine alga from Cambrian rocks, is now believed to be an 
inorganic deposit Outer form alone is not a safe guide for the identification of fossil algae 
and the internal structure is very rarely preserved As such, the relationship of the fossil 
forms with living genera of algae is hard to establish It is on account of tlus uncertainty 
that the name Protophyceae has been suggested for fossil algae. 

From the upper Vindhyans certain algal forms, showing affinities with the Cyano- 
phyceae, an alga belonging to the Dasycladaceae, and algal dust comprising minute 
spherical bodies, have been described Some objects looking like desmids have also been 
reported 

Manne calcareous algae on the other hand have left fossils which arc identifiable 
These algae played an important role in the formation of coral reefs m the Palaeozoic seas 
On account of their superficial resemblance to corals, some of them have been mistaken 
for animals Solenopora, now recognized as a close relation of Luhothammon, a member 
of Rhodophyceae, was first described as an animal from Ordoviaan rocks in Estonia 

The manne calcareous algae, recorded from Cambrian rocks, very much resemble the 
existing species of warm seas, and have persisted from the Cambrian Pcnod onward with 
little change m general plan of construction Gtrvanclla, discovered from Ordoviaan 
limestone in Scotland, is related to the family Codiaceae of the order Siphonales Dmtor- 
phosiphon, related to the genus Halwteda, is the oldest member of the family Codiaceae 
and has been discovered from Ordoviaan rocks of Norway. 

Vascular Plants 

Recent researches have revealed the occurrence of vascular plants during the Cam- 
brian Some fragmentary shoots co\ ered with microphylious leaves have been found from 
the middle Cambrian of Aldan Mountain Range m Siberia Referred to as Aldanophyton 
atilt qutsstmum Kryshtofovich, these are the earliest land plants known Tlus evidence is 
supported by the occurrence of spores and tracheids with bordered pits in the Cambrian 
rocks of India, Sweden and USSR These evidences tend to show that die conquest of 
land might have taken place much earlier than theSilunm-Dcvoruan, as his been believed 
until now. 
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Not much is known of the plant life during die Ordovician Some fern-like plants 
of ver) simple structure with profuse!) branched leafless stems have, however, been 
recorded from the lower Ordoviaan limestone m Wyoming 

That much diversit) had been attauicd b) plant hfe during the Sdunan is clear from 
such vascular plants as HeJeta and Yactai ux, and a distinct 1) copod fieragu anathta Htdaa 
corymbosa winch also extends mto the lower Devonian, is known from the upper Silurian 
of Australia AU that is known of tins plant is a terminal aggregation of dichotomous!) 
forking branches arranged in a cor) mbosc pattern, each branch bearing o\ old bodies, 
probabl) sporangia The enure aggregation is three-dimensional in nature Yanm ta, also 
from the Silunan of Australia, is an axis fragment bearing a terminal synangium offiv c or 
six sporangia 

Baragu anathta longtfoUa is an undoubted lycopod known from the Sdurtan of Australia 
Tins plant Iiad man) characters in common with the modem Lycopodium lueidulum, 
although it was much larger m size The dichotomousl) branched stems had lax, slender 
leav es The remform sporangu w ere associated with the ordinary leaves, but their mode 
of attachment has not been established The stem was traversed b) a pnmar) stele with 
annular tracheids 

PrototaxKcs an enigmatic Silunan plant fossil, extended mto the Devonian Its 
stem is made up of a matrix of intercalated filaments aligned throughout the length 
The larger filaments have much thicker walls than the smaller ones Besides tli-rc 
arc uniformly spaced spots probabl) representing areas of specialized filament orga- 
mzauon 

Tlic above mentioned carl) Palaeozoic terrestrial plants were perhaps the progenitors 
of the profuse land vegetation of the Devonian Period 

ANIMAL LIFE 

Invertebrates 

The. animal hfe known, foam the. early l’ aJommvc vv maxw.c , a.wi eatoxe Ly ohm.- 

pnsed various groups of invertebrates Fig 22 shows a Cambrian landscape with 
representative amnul forms of the period and PL 23, a restoration of the Silurian sea 
bottom 

Protozoa The Cambrian protozoans were foramimfers with shells of calaum 
carbonate Together with radiolanans with shells made up of silica the foramimfers 
abounded die Ordoviaan seas and continued to be present during die Silunan The carl) 
Palaeozoic protozoans have undergone the least ev oluuon and die) werever) much 
like die modem marine fonns 
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Sponges Likewise the sponges have undergone die least evolutionary dun gc Only 
those with hard skeletons has c been preserved 

Coelenteratcs The Cambrian corals resembled the sponges, but there were true 
corals too It is obvious they must have evolved from the sponges They became common 
during the Ordovician, and three types of them — the cup or horn corah the honeycomb 
corah and the diam corals — were present As distinguished from die modern corah which 
arc hevacoralla or octacoralla with six or eight radiating partitions or septa, die carl) 
Palaeozoic corals were all tctracoralla in which partitions were four m number or m 
multiples of four They were rarely branched and had much larger poI)ps whereas the 
modern corah arc profusel) branched and hale small polyps The simple cup corah 
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were dominant during the Ordovician but the compound forms superseded them during 
the Silurian Amongst the modem corals the compound or the colonial forms are more 
common than the sob tar)’ ones Jell) -fishes which arc ver) delicate animals arc also 
presen ed m the Cambrian rocks 

Bryozoans The Ordovician marine life abounded in the bryozoani, which 
were also reef builders The) were very much like the modem forms and have shown 
the least c\ olution during the geological ages 

Eclunodcrms Even m the early Cambrian, the cchinodcrms developed and 
differentiated into several groups The ancestral form of this group of animals was a two- 
sided worm-like creature which browsed slow I) over the bottom of the sea This ancestor 
took to attaching itself to the bottom of the sea by its mouth Adhesive glands, and finally 
a stalk developed which sen ed the function of attachment, while the mouth shifted 
avva) Adoption of sedentary bfc led to a reversion to radial s)mmetry New means 
of getting food b) groov cs lined with cilia to sift small parades of it from the water 
mouthwards were developed They also evolved an elaborate system of water- 
carrying tubes The tcnaccous skeleton-armour was devdoped as a protection against the 
predator) arthropods of the period The Cambrian cchinodcrms were all fixed to the 
bottom Echmosphaera and Anstocystis were round animals attadied b) a short stalk 
Dcndiccyshtes w as a stalked animal with a single tentacle and food-groove Ednoaster was 
a box-shaped creature with the mouth on the upper side (Fig 22) A few fossil cnnoids 
have also been recorded from Spin With all their complicated structure, the cchrno- 
derms represent a blind alley of life The) never evolved a head nor acquired a brain, 
and die) never left die sea 

Brachiopods The other important Cambrian fossils were the brachiopods Their 
homy shells or valves were not joined togcdicr by a hinge Those vvidi shells joined 
together— die articulate forms— appeared towards the late Cambrian and they outnumbered 
the maraculatcs in Ordovician One of the most remarkable survivors of the Cambrian 
Period is Lj? (>ula a brachiopod genus which is extant and has shown little change 
More than 10 percent of the animals in the Cambrian seas were either brachiopods 
or tnlobites and these two groups constituted the most important part of the 
Ordovician fauna 

Molluscs During die Ordovician the pelccypods with hinged shells developed 
but unlike die brachiopods their shells were asymmetneaL The pelccypods gradually 
attained dominance over the brachiopods which gradual!) became almost extinct 

The animals with one chamber and a coded shell, the gastropods made their appear- 
ance during the Cambnan increasing m later periods to thousands of modem forms 
without any conspicuous evolutionary changes 
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A RESTORATION OF THE SILURIAN SEA BOTTOM 
In the left foreground If « pa r of crlnoldr on the reef are the eyitohli which here trntt ami the 
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The many-chambcrcd forms, the ccphalopods, first appeared during die Cambrian 
and became relatively abundant in the Ordovician The shells in the Cambrian forms 
were of simple, straight or curved type Re the Orthoceras and Cyrtoccras More 
curved forms, open coiled forms and closed coded forms appeared during the 
Ordovician They were all characterized by straight or at least very simple sept 3 or dumber 
partitions The close coded nautiloids of the Ordovician are very much like the modem 
pearly nautilus, a living representative of the almost exttnet nautdoids 

Arthropods The tnlobites were the dominant group among the ardiropods of the 
Cambrian Pcnod These extinct animals are considered primitive crustaceans and in all 
probability they had evolved from worm-like ancestors The) were highly organized. 
With a distinct head-shield, a body, and a tail-shield Tnlobites had a single pair of sensor) 
feelers, and their hind appendages were constructed on the pnmiti\c forked plan charac- 
teristic of crustacean larvae None of the appendages were converted into jaws as in some 
of the present day arthropods They ranged in size from just short of one cm to 60 cm 
in length and exhibited different forms and modes of life They had developed many 
defensive devices and had eyes on the top of the head and could detect any enemy passing 
above Heavy chitmous armour acted as a protective outer covering and also provided a 
rigid leverage for the muscles It had another advantage, for it lends itself to jointing, and 
this helped m the evolution of jointed kmbs The tough chitmous armour also made « 
possible for the successors of tnlobites to emerge into air without risk of rapid desiccation 
Tnlobites were the most perfectly adapted products of the Cambnan w orld They 
increased m numbers and speaes during die Ordoviaan and dc\ eloped odd and higlil) 
ornate forms widi spines, tubercles and horns during the Silurian 

Among other arthropods of the early Palaeozoic were the ostracods and die ctityp- 
tends (sea-scorpions) The euryptends, rare in Cambnan, became common in Ordovician 
but attained dominance in Silunan Whereas the ostracods were minute two-shelled 
animals, the euryptends had an elongated body with all the appendages coming off from 
the head and with a spine- or platc-likc tail Some of them were 18m long The genus 
Lit nidus is the onl) living giU-brcathing representatne of the euryptends Amongst die 
definite!) known nr-breadung land animals from the Silunan arc die scorpions 

Some of the animal fossils of India and neighbouring countncs from the Cambnan, 
Ordowcian and Silunan Penods respectively, arc shown in Pi 24,25 and 26 

G rap toll tes These slender, colonial organisms were common dating the carl) 
Palaeozoic, They w ere enclosed in a horn) sheath and floated in the open seas, usually far 
away from the shores Because of their wide distribution the buried sheaths of die grap- 
tohtes at the sea bottom can be used to identify the beds of die same age m different parts 
of the world 
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The den droids or nct-bke graptohtcs appeared at the close of the Cambrian During 
Ordovician, branched graptohtcs became one of die most abundant forms of marine life 
Graptohtcs were still abundant m the Silurian, but with the exception of dcndroids, 
they practically disappeared by die beginning of the Devonian Dcndroids died out 
during the earl) Carboniferous 

The fossil remains of this extinct group make it difficult to state definitely 
what they were They have been commonly placed under coclcntcnitcs in die past, but 
later discoveries establish their relation, though remote, with the now unimportant 
Protochordata 

Vertebrates 

Certain primitive fish-bkc forms possessing scales and plates arc known from the 
Ordovician These interesting creatures, die ostracodcrms, arc now believed to be die 
transitional forms between the highly evolved invertebrates and the primitive fishes 
They continued to be prominent in die Silurian 

Evolutionary Trends in Early Palaeozoic Fauna 

From the mere indirect evidence about the existence of bfe m the prc-Palacozoic 
rocks to the definite presence of fossils of myriads of bfe forms m the early Palaeozoic is 
a great landmark m the evolution of life Far more interesting, however, is the conquest 
of land, for which some terrestrial animals, eg scorpions, provide the testimony Some 
of the life forms are fairly highly advanced, suggestive of their occurrence during the 
pre-Palacozoic eras 

The evidence of fossils during the early Palaeozoic helps to build up a continuous 
and progressive evolution of the various kinds of marine life from die simplest to the more 
complex The cv oluuon of corals from sponges, of arthropods from worms, and the 
transitional nature of the ostracodcrms between die arthropods and the fishes are some 
lUustranv e examples 

The population of marine life during the early Palaeozoic periods varied m the types 
and proportions of the animals The Cambrian marine life was dominated by die 
tnlobites and the next in order of abundance were brachiopods and gastropods 
Sponges and w orms w ere common The hy drozoans and cchmodcrms w ere rare 

In order of abundance the marine life during the Ordovician comprised gastropods 
brachiopods bryozoans, tnlobites, pelecypods, ccplulopods and graptohtcs There was 
a great profusion of marine invertebrates of all lands, showing besides great variety, 
considerable biological advancement Fish-bkc animals appeared for die first tune during 
dus penod. 
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The marine population during dicSilunanPenod was largely characterized by the 
decline of graptohtes and tnlobitcs and a considerable increase in corals, edunoderms 
especially cnnoids and preponderance of brachiopods 

Based on the distribution of various types of animals, thcprcvalcncc of faunal provinces 
during the early Palaeozoic has been recognized Local differences in faunal population 
also existed The Cambrian fauna from Hundawar m the north-west extremity of die 
Kashmir valley shows no affinities with the adjacent local faunas from the Salt Range, Spiti 
or the Persian Gulf The Hundawar Cambrian fauna was more akin to that of Indo-Chma 
The evolutionary features within each group of animal fossils have been reMewed 
above Some of these facts seem to be of considerable significance After attainment of 
highly specialized forms, a general decline of the tnlobitcs, the screw -shaped, spiral-shelled 
ccplnlopods and of graptohtes, took place Several others, however, showed progressive 
evolution into complex fQrms, but some like die protozoans, the sponges, the bryozoans, 
die gastropods and die close-coilcd Ordovician nautiloids have persisted to the present 
dirough all these millions of } cars without any conspicuous evolutionary changes 

By die close of the Cambnan, most of the phyla of the animal kuigdom had been 
established The pace of evolution, which probably had been slow earlier, accelerated, 
possibly due to the introduction of free oxygen on account of die photosyndictic activity 
of green algae 



CHAPTER EIGHT 


THE DEVONIAN PERIOD 
Evolution of Land Plants and fishes 


Tire NAME Devonian is derived from the count) of Devon in England because it was 
there that the rocks of this age were first described b) pioneer geologists The Devonian 
Period had a span of about 45 million) cars 3nd ended about 285 million )ears ago The 
configuration of earth was markedly different in this period and the large southern con- 
tinent of Gow&ssawalawd wWh consisted of Av&traha, peswnsvltt Wha Madagascar, 
South Africa and South America stretched south of a vast sea, the Tethys which separa- 
ted it from the two northern continents the North Atlantic Continent and the smaller 
continent of Angaraland. Noith America and northern Europe were linked together as 
is borne out b) the distribution of marine animals (fig 23) 
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Devonian Rocks 

In the Devonian system are included rocks of many kinds red sandstones, conglo- 
merates, shales, and sediments containing fragments of terrestrial plants along with fossils 
of strange armoured fishes and gigantic crustaceans The senes of rocks desenbed from 
Devon is manne in origin, while the other senes, which is found in Scotland, consists 
of thousands effect of sandstones, shales and pebble-beds, and is called Old Red Sandstone 
Devonian strata do not occur at all in the peninsular India, and are restricted to the nor- 
thernmost zone of the Himalayas abutting on Tibet, extending from Hazara and Kashmir, 
through Spin, Garhwal and Kumaon to Nepal and upper Burma On the Muth pass in 
Sjpiti is found a thick hard senes of white quartzite con taming fossilized shells of a brachio- 
pod, Pcntamerus oblongus Muth quartzite with an overlying group of hard siliceous 
limestones, is also found in the neighbouring locality of Bushahr 


Landscape 

The Devonian landscape was barren and and Ranges of pre-Cambnan mountains 
provided a bleak background for mounds, ridges, and slopes covered with sand and 
gravel In the sand dunes, smoking fumaroles, manifestations of volcanic activity of the 
young earth, could also be seen The desert conditions in Devonian Penod were possibly 
not so much due to lack of rain as due to lack of soil on barren rocks, which were yet 
awaiting to be clothed with a protective covering of vegetation Hence, the Old Red 
Sandstone deserts of the Devonian were biological, rather than climatic The sea shore 
was covered with marine red, blue-green and green algae On the ground were found 
slender representatives of Psilophytales, like Rhyrua, Hortiea and Astcroxylo/i, hardly 15-50 
cm high These plants carpeted the land as uniform green, relieved by brown tints of 
dead and decaying herbage They were among the first conquerors of land and prepared 
the way for higher plants and animals Fig 24 shows a Devonian palacoscapc with early 
land plants and animal life in water But for the shrieking winds and fitful breezes, it 
was a silent world with no cnes of birds, or howls of mammals to enliven it. 


Climate 

Conclusions concerning the climate of the Devonian Penod are based largely on 
the distribution of sea ammals in that penod Recf-formmg corals which arc now denizens 
of warm tropical waters were then found in the north polar regions indicating a rather 
uniform temperature of sea water at that time 
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PLANT LIFE 

Origin of Land Plants 

How did the land plants evolve from the primitive algae, which were the denizens 
of die sea and fresh water? Various explanations have been given of this transition 
One of the popular theories about the mode of origin of the land plants which gained 
recognition and was widd) discussed is diat of Church He assumes the cxistcnccofa 
universal sea, and emergence of land m the form of a number of islands, which became 
bigger and bigger till they formed continents As pornons of die earth’s crust emerged 
in the form of islands from the universal sea m the early geological history, marine 
algae which had reached a comparatively advanced state of organization, and were 
anchored on the rocks were exposed to the air at regular intervals as the tides receded 
Somc'of these, which were able to adjust dieir structure and mechanism to meet die 
changed environment, thus became the precursors of the first land plants 
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There are far too many assumptions in Church’s hypothesis The existence of a 
world ocean with continents formed by small islands emerging out of it is one of such 
assumptions It has, however, been proved that when the Silurian ended considerable 
mountain building activity took place, continents were raised, and water surface shrank. 
It was a period of stress and struggle, and the seaweeds which were adapted to die 
uniform environment of sea water were exposed to the vicissitudes of existence on sea 
shores, and in salt marshes and freshwater swamps There is every likelihood that the 
actual transmigration of sea plants to land took place at the close of the Silurian and 
beginning of die Devonian times as evinced by die Silurian Prototaxttcs Fresh dis- 
coveries, such as Aldanophytoti, have, however, revealed that the conquest of land may 
have already been achieved in the Cambrian 

Despite our knowledge of the earliest land plants, wc arc still ignorant of the way 
they originated from algae In die progressive march of life, it has been seen thatitisnot 
the specialized forms of life, like elaborately built seaweeds which provide material for 
evolution On die other hand, it is die simpler generalized forms, plastic in structure, 
which evolved into Iugher forms of life, while more specialized forms became extinct 
It is probable that the ancestors of the first land plants were humble microscopic green 
algae, which took to land life Forms like FrttscItteHa have an elaborate, branched subaenal 
system, and a subterranean rhizoidal system The green cells of the subaenal system, like 
die leaves of the higher plants, manufacture food material with die aid of chloroph) 11, 
while the rhizoidal system serves die function of storage of food material and of fixation 
and support Fig 25 shows the course of evolution of a complex alga like FrttscItteHa 
from unicellular motile forms like Chlamydomonas Frilschtella grows on wet mud 
near drying ponds or puddles From forms like Fatschielia to liverworts, which Inc in 
a similar environment, is a long stride m the evolution of plant life. No fossil records arc 
available to provide any link m tins gap The study of some of die luglilj organized 
extant liverworts, such as Atithoceros, however, dirows significant light on die e\ olution 
of land plants 

Atithoceros shows a distinct alternation of generations The sexual generation or 
gametophyte is represented by a creeping plate of green tissue called the thallus, which 
is iobed ind wavy The sex organs are borne on the dorsal side of die thallus The male 
sex organs, die anthendia, are embedded in the thallus, and produce a number of 
sperms Tire female sex organs, the archcgoma, are Fash-shaped, and each contains an 
egg cell Sperms when liberated from the anthendia swim about m water on the surface 
of die gametophyte and fertilize the eggs From die fertilized egg develops the asexual 
generation called the sporophyte. The mature sporophyte or capsule of Atithoceros is an 
don gated structure embedded m die gametophyte by a bulbous foot. The projecting 
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Fig. 25 Eyoiutios pi cun aicae. From un cdluUr nsot3e formi Lie CkUm) kmonai a row flimmtom form Die 
Uklhnx Drznchcd dgje ULe Ckjrtfpkafj, arc die next nrp It u from ruch algae that complex algae like FniuhielU 
evolrcd and colonized the land 

pornon contains a central axis of sterile tissue surrounded by a layer of sporogenous 
tissue, which produces the spores Surrounding the sporogenous tissue arc lay ers of stenlc 
vegetative cells The outermost epidermal layer consists of narrow elongated cells 
containing stomata similar to those of higher giants The lasers below contain ddorophjU 
with the aid of which the sporophy tc is able to manufacture its own food material. Thus, 
in die sporophy tc of Anthoceros we sec the full equipment of a land plant, only await- 
ing its liberation from the gametophy tc and ready to establish itself as a full fledged 
independent plant on the land (Rg 26) 

Psilophy tc* 

Prom the viewpoint of ongm of land plants an interesting group of plants die 
Psilophyules, is characteristic of the Devonian Period. The lower Devonian 
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FtC 26 Lite cycxh or tiie umtrotr Anihocrres 1 Gamctophytt 2, amhcndu 3 A 5 archegotua 4 amhcroioid 
6*10 iporophyte II iporophym embedded m the gimttophyte 12, jpore 13-16 germinal on of the jpore and deve- 
lopment of the gametophyte 

Psilophytott prweeps was characterized by leafless trailing dichotomizing shoots, probably 
rhizomes, with upright spiny dichotomizing axes bearing terminal sporangia The 
spines were short, occasionally with dilated tips but devoid of any vascular strand or 
stomata as present m the stem In some other species of the genus, the stems were 
sparsely clothed with appendages 

Many middle Devonian representatives, such as Rhyitta gii>ymc-t aitqhami, 
R. major, and Homcophylon, were characterized by dichotomy , Asferoxylon, howeter, 
had monopodial shoot system Asteroxybn had a stellate vascular bundle and bore 
cuticulanzcd leaves but the others were devoid of any appendages (Hg 27) 
Sporangia were simple except in Homcophyton winch had columcllatc sporangia In 
contrast, Taemocrada duhematm had a nbbon-shaped shoot system wluch was dicho- 
tomomly branched and traversed by a single strand, it bore terminal sporangia 
Closely resembling the fossil Psdophytalcs arc the present day Psilotalcs represented 
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Tbttc plina were discovered from Red Cherts in Scodted (From Kidston & Ling) 

by the genera Psilotum and Tmestpttrts P tnqtietrum is found in the evergreen forests of 
the Western Ghats in South India (fig 28) 

From the sporophyte of Anthoceros, as described above, to fossil Psilgph) talcs like 
Rhytua and Hontea is not a ver) big transition Rhyvia and Hornca are so generalized m 
their structure, that they hair hem pkrrd >wih aJgae, mosses, or fern* They were erect 
land plants, 10 to 20 an high, with neither roots nor leaves Their spores were produced in 
swellings, at the ends of some of the forking branches, which were without any special 
arrangements for dehiscence as in ferns. Nevertheless, these simple plants were well 
equipped for life on land as is evident from the res olutionary structural advances the) 
had developed, like stomata, ligmn, vascular system and thick-walled spores The 
stomata interrupted the continuity of the surface lajer, and as in higher plants 
regulated gaseous exchange with the outer air It was through the mj rods of these little 
pores that carbon dioxide from the air was brought in contaa with the ch!oroph)lL 
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A land plant is protected from desiccation b) an outer lajer of wax) covering, and 
man) layers of cells turned into protective cork or bark A land plant must carr) its own 
weight, for it is no longer supported by a watery medium like an alga growing in water 
This support m land plants is provided by cells which have died after loading their walls 
with hgmn, a heavy deposit of woody substance Columns of such cells strengthened 
with lignin provide a strong and flexible skeleton for land plants Another necessity of a 
land plant is the vascular system Some of the higher seaweeds have leaf-hke structures 
joined to a hold-fast with a rudimentary stem containing an elementary transport system 
in the form of sieve tubes Carbohydrates manufactured m the leaves have to be transported 
downwards to the stem and roots where they are often stored Sieve tube cells serve 
for this downward transport, they remain alive and their protoplasm acmely passes 
the food along Unlike a seaweed, a land plant must get its supply of w ater and mineral 
salts from the soil, and for this purpose it must have a root system For the transport of 
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water and mineral salts, a system of tabes known as xylem is developed. Hus system 
developed from empty cells winch communicate with each other by diffusion through 
thin places in their walls called pits, or coalesce end to end to form long microscopic 
tubes Like an India rubber hose-pipe with a spiral of steel wire, the xylem tubes arc 
strengthened by rings or spirals of w'oody material. This type of vascular system had 
developed m Rhynta, the axial region of which is occupied by a cylindrical strand of 
w’oody tubes surrounded by a zone of more delicate tubular cells both forming together 
the conducting tissue. 

The other genus of Psilophytalcs, namely AsteroxyJon, is more advanced in structure 
The underground stem bean erect branching shoots clothed with small overlapping 
leaves like those of Lycopodium and associated wnth these arc slender, naked forked 
branches bearing terminal sporangia, as m other Psilophytalcs Thus, m Asteroxylon we 
have a connecting link betw ecn the Psilophytales and the Ly copodiales Whereas sm ill- 
leaved forms like Ly copodiales originated from formj like Asteroxylon and culminated 
in giants like Lepidodendron and Sigillana forms wnth spreading fronds like Attatrophyton 
were possibly domed from a plant like Psilophyton whose simple lateral branches 
expanded mto frond-hke structures 

Associated with Psilophyton there were plants characterized both by dichotomy and 
trichotomy and vvidi clustered sporangia, such as Tnmerophyton robustius 

In the dichotomously forking, leafless shoot system of Zostcrophylltim, die sporangia 
were borne in spikes The spike m Buchana ovata had nvo row's of sporangia A combination 
of monopodial and dichotomous forking is seen in Pictmophyton the spikes of which bore 
two rows of nng-hke appendages each enclosing a flat sporangium Cosshngta brcconcrsts 
had sporangu scattered along the branch system of the axis, the up of which was ar- 
an3tdy coiled These complex forms are known from the lower Devonian. 

Besides, there also existed certain thailoid forms, such as die early Devonian 
Nematothallus, about 65 by 1 cm and 25 cm fragments of a larger plant. The fragmen- 
tary thallus was made up of a reuculum of fine tubes, the larger amongst them having 
annular duckenmgs The slender tubes formed a dose network towards the outside They 
w ere unique m being unspeculized m early stages for establishment m a land environment. 
There were some other curious upper Devonian plants Protosalvimas were disc-shaped 
bodies whereas Feersiia was dichotomously forked. 

Quite m contrast with the Psilophytales some mcgaphyllous plants such as Platy- 
ph) Hum, C) clop tens, Ginlgophyllum, Ps)gmophyllam, etc. are also known from die lower 
to the upper Dev oman. Though unrdated they possessed large fan-shaped elongate leaves 

Enttpnopk) ton was about a metre or more in length The lateral branches of its smooth 
stems bore sharply dissected fan-shaped leav es attached by a narrow base. The associated 
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fructifications w ere bifurcating spikes bearing several sporoph) Us, each having a sporan- 
gium in its axil Some sporangia had megaspores, where as others produced microspores 

Protopterjds and Progymnosperms 

Some advanced types of psdophytes which had achieved distinction between stem 
and leaf arc referred to Pre-ferns or Protoptends and those with secondary wood as 
Progymnosperms. The middle Devonian Si albardia polymorpha had three-dimensional 
mon epochal brandling Leaves consisted of simple appendages which were usually 
chchotomously forked They were mostly filiform, but some were laminate Long, 
nearly cylindrical, stalked sporangia were borne on opposite ultimate divisions of the 
fertile branches The upper Devonian Arcluieoplcris bore pinnate leaves with enure, 
lobed or fimbriate pinnae A. latifoha was distinctly heterosporous (Fig 29) 

Rhacophyton had a stout stem The stenle fronds had two row’s of pinnae which 
m turn bore two rows of pinnules, each dividing chchotomously and without any 
appreciable lamina. The fertile frond also had two rows of pinnae, cadi forking from its 
base and then dividing mto secondary pinnae or pinnules Each pair of pinnae. 



Fig. 29 Fbonw or Ankxef erv Ltf/o' j— Am erra Dcvonuh nrmo»ro*o« m-ra*J 1, Strrifc pncnln 2, fmfle 
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either in the middle or upper portion of the fertile frond, formed a profusely dichoto- 
mizing branch system on its under side Sporangia were borne on this branch system 
Besides, there were plants looking like tree ferns, such as Eospenr.atoptcns, Aneurapfyton 
and Tctraxyloptcris The last two bore sporangia m clusters and had secondary wood in 
the rachis and main axis Eospematoptcns attained a height of 12 m or so and was the 
tallest of these (Fig 30) Its fronds were fem-hke, and some of these bore termmal 
ovoid sporangia 

Cladoxyla 

Another curious type of plant life was represented by small stem fossils Stelar system 
in these was made up of several steles radiating from the centre Cladoxyhtt scopanum 
bore two kinds of appendages, forked and fan-shaped 

Lycopods 

Amongst the middle Devonian lycopods, Drepanoph)Cus had LycopodtumA like liable 
with a creepmg stem producing upright dichotomously forked shoots attaining a height 
of about 45 cm The shoots had stout spiny appendages, some bearing a single sporangium 
on their upper surface In the lower Devonian Sugambrophyton zn&Prololeptdodaidrett, die 
leaves were forked, the sporangia were radially elongate and the stems had a triangular 
protostclc Lca\e$ m Colpodexyhn were threc-lobcd The Devonian ly copods were largely 
herbaceous in habit, except Stigmana, known from the upper Dc\onian of Bear Island 
betw ccn Spitzbcrgcn and the North Cape of Norway The upper Devonian Archacosigillana 
combined the characters of Stgillaria and Lep\dodcndron 

Articulates 

Some lower Devonian unbranched shoots referred to Prctohyenta bore appendages 
that forked several times The oval sporangia w ere borne singly on the ups of forked 
branches The Calamophyten of the middle Devonian had djgitately divided mam axis 
with the m dividual branches having monopodtal or a mixture of monopodial and 
dichotomous brandling The appendages on the ultimate brandies were three-dimensional, 
slenderand dichotomously divided They show ed a tendency towards a whorled arrange- 
ment Sporangia were slender and borne in pairs on lateral brandies The axes of 
icy/ii produced slender lateral brandies, which bore leaves m fairly regular vcrueils 

Advances in Plant life 

From the meagre evidence of plant life in Silurian to a vancty and diversity of plant 
fossils in the Devonian is a great step in evolution Although some dements of Silurian 
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Fig 30 Restoration op EaspermawoCens ROM tee upper Devonian op eastern New York (From Goletnag 
Courtesy New York State Museum and Science Service) 


flora such as Prolotaxitcs, Coolsonta and Hedeia continued their existence during the 
Devonian and a few Silurian lycopods were followed by some more, the Devonian plant 
life was characterized by several kinds of new plants, some of which are clearly defined as 
the precursors of lycopods, articulates, ferns and gymn os perms It is from the Silunan- 
Devoman plant life, rather more from the Devonian itself, that it is possible to recognize 
die emergence of different lines of evolution An easily discernible march of evolution 
of plants, in fact, commences from this period 

Several evolutionary trends arc exhibited by the Devonian plant life emanating 
several lines of evolution the manifestations ofwhich were found m the succeeding penods. 
From the plants like NematothaVus in its early attempts for die struggle to establish on 
land to distinct land plants of simplest construction, the prevalent dichotomy and its 
modification mtomonopodial system of branching, the origin oflcavesand their develop- 
ment from microphylly to megaphylly and ultimate evolution mto the pinnate leaves, the 
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evidences of homology between stem and leaf, tie ev olution of a single stele to polystehc 
condition (Cladoxylales) and a tendency towards whorlcd arrangement of leaves and 
branches as in Calainophyton and Hyenta arc some important advances in the evolution of 
the vegetative characters shown b) the Devonian plants Likewise, the evolution of ter- 
minally borne single sporangia to their clustering as m Tnmerophyton and Ancurophyton, 
and highly evolved arrangement into spikes as in Zosterophyllum and Dugmophytoii and 
development of hctcrospory are indeed great advances in the evolution of plant life. 
In this context the evolution of arboresccncc as in Aneurophytott and Eospemtatoptens amidst 
an ov env helming herbaceous habit is an important progressive step in ev olution 

Of these diverse forms of plant life, some, however, clearly help us to follow up the 
evolution of 1) copods, articulates ferns and g^mnosperms which in the succeeding 
periods are present in abundance and exhibit considerable specialization Some like 
Archaecstgilhma are the transitional forms to later diversified plant life They combine 
the common features of Stgillana and Lepidodendron 

Thus, we find that before the dose of the Devonian Penod, a vegetation m which 
most of the major groups of the plant kingdom were represented had colonized vast 
areas of earth’s surface (Pi 27) With the conquest of land, proliferation of plant 
life m a new environment, soil, which is largely a product of plant action, took place 
As Wells and Huxlc) describe, “Plant life, like human cmkzauon has gradually extended 
its boundaries Under the pressure of the struggle for existence, us beneficent exploitation 
of the sun's energy has gradual!) enriched the world, softened its contours and us climate 
and reduced the extent of its waste spaces And since the plants opened the door to the 
animal invasion, their invasion of the land was a necessary pre-requisite to human 
evolution 


ANIMAL LIFE 

Reef-budding corals, cchinoderms, brachiopods, molluscs, and trilobites and 
other arthropods of the carl) Palaeozoic fauna were abundant in the seas during the 
Devonian Penod Devonian was, however, essenuall) the “Age of Fishes” and vanous 
types of them ruled supreme (PL 28) Fossils of some of the other animals of the penod 
from India and neighbouring countncs are shown m Pi 29 

The clothing of land near the sea shore with green plants created a new source of 
food supplies on land The first animals to invade the land w ere scorpions millipedes 
and spiders, all members of the ph)lum Arthropoda These probabl) migrated from sea 
to the freshwater lakes, and from there to the land. 



Pi 27 and 28 
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A DEVONIAN LANDSCAPE 

A laro filar a the world s oldest known tree is shown m the middle a primitive treelike teed Pern 
Jj> pcrnMppter s i» on the right spore bearing arthrophytrj or horsetail rushes and psiJophytes with 
curled tips are in the foreground 
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FISHES OF THE DEVONIAN AGE FROM THE OLD RED SANDSTONE, SCOTLAND 



PL 29 
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SOME DEVONIAN ANIMAL FOSSILS FROM INDIA AND NEIGHBOURING COUNTRIES 
I J’fu.nf i La itnn (Btonn ) 2, Dalmatian (Aflmyyjy) n RfrJ 3 IL-mi rjra crulaa Phillip 4 f* lfT'' r * 

hunJU ttni RcrJ S Cfjit’flj’l »«i (TlOTnifl/Iwi) nisliitnufan Reed ( Aut&pphj' um It^x^imu’ Sduuirt 
7 C*Ltvh mbWm LitukL H Sfitlutpcnmii ftuljii (V irtgrn A Zn!n) 9 lUtwrluw trPvntnn R«d !0 
Iwnh vjr trtn ttm Rtvd 11 A’rjf* (/■i'k'm Hill vjr rl fn'nuu Retd 12. ^pufet rmrwifi Murchum 15 QkfUln 
iuKr*,itLtu Reed 14 (Wlirifl*! iWniii Rtnl(1 & 2 Tnlntnti 3 ILtn tryju 4 Drpn>i S-7 Actmoroj 8 A 9 
CyMOiAra 10-13 Bcjchiopodj 14 GiKropoJi) 



THE DEVONIAN PERIOD 


87 


Origin and Dominance of Fishes 

From worms to fishes is a long stride in the evolution of animal life. Between the 
worms and the fishes numerous transitional stages can be seen Bahmoglossus, die acorn- 
warm provides a link between the worms and the chordates This worm-like creature 
which burrows in mud has gdl-shts, a small notochord and a rudimentary nerve cord 
These are all characteristic of chordates There is another group of animals called uro chor- 
dates in which the notochord appears only in the tail of the larva which is free-swimming 
Such larvae are found among sea-squirts, and have a notochord and a rudimentary tubular 
nerve cord These tadpole-hke larvae attach themselves to rocks by their mouths and 
become permanently fixed, lose their tails and are transformed into potato-like creatures 

At a higher level are organisms like Amphtoxus, a pre-vertebrate which provides 
die basic pattern of chordates, seen in a refined form even in the highest of vertebrates, 
man himself Amphtoxus is a small fish-like creature found in abundance along the sea- 
shore near the mouths of the rivers of China and is used as food by the Chinese Amphbxus 
has the appearance of a surgeon’s lancet and is about 5 cm in length It is compressed at 
the sides, and tapers at both ends It possesses an axial skeleton in the form of a gelatinous 
rod, called the notochord above which is a tubular nerve cord, which foreshadows the 
spinal cord of the vertebrates It is provided with segmental muscles which help in the 
propulsion of the animal through the water, and the pharynx is provided with numerous 
gill-slits It has a dorsal fin that runs the length of the body and a tail-fin Thus, tins 
creature has all the major characteristics of a fish However, excretion takes place through 
nephridia similar to those of earthworm 

A fossil animal allied to Amphtoxus which has been named as Jamoytms lias been 
discovered from the upper Silurian rocks of Scotland It is 15 to 18 cm in length, tubular 
in shape and has a flattened head bearing large circular eyes It has two fin folds at the 
sides, one on the upper surface, and die fourth, the anal fin at the posterior end The seg- 
mental pattern of the muscles as well as the notochord is clearly seen 

It is from animals like Amphtoxus and Jamoytms that the fishes arose, possibfy in 
the late Ordoviaan or early Silurian This remarkable change possibly took place in the 
fast running freshwater streams It is noteworthy that the earliest fishes are found in fresh- 
water sediments of the Ordoviaan Such remarkable body dianges could only be 
stimulated by a dynamic environment, such as that of fast running freshwater streams 
which made a greater demand on die animal The static environment of the sea, with 
abundance of food in the form of plankton which would reach the mouths of the creatures 
fixed on rocks submerged in die water of die oceans, could not have stimulated body 
changes, such as bilateral symmetry, segmental muscles, axial skeleton in the form of a 
notochord, and a centralized nervous system represented by a hollow nerve cord 
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fishes of various hinds were represented in the Devonian Penod, and that u 
v.hy it is called the “Age of fishes'* (Pi 28) Armoured limbless fishes, called 
ostracoderms, were very common Some of these were studded with denticles, some had 
armour of mosaic plates, while others had wonderful head-shields like the present da\ 
cydostomcs The number of gill-slits m ostracoderms had not been reduced to five pain 
as in modem bony fishes, and there was no jaw, as the first gill-arch was soil a gtU-arch. 
Some of these ostracoderms arc in such a fine state of presen anon that cv cn the anatom) of 
a few forms has been w orked out Like the present da) dogfish or a skate, the ostracoderms 
had a skin cohered with denticles These denticles had the same structure as a tooth, with 
enamel, dentine, pulp-cavit) and the rest, anchored in the skin b) a little expanded base. 
These fishes, though the) lacked proper teeth in their mouths, had scattered them all over 
their skrns The teeth, w c possess, are in all probability elaborations of these denticles of 
fishes, enlarged and improved in design, and socketed into jaws 

Another group of fishes which attained prominence in the Devonian was the 
armoured, joint-necked fishes, which had ball and socket joints between the skull and 
armour plates on the back. Some of these fishes were as much as 7 5 m long and were 
giants of the Devonian seas However, the)’ became extinct by the close of the Desoman, 
thus illustrating the well known law of evolution, that oser-spcculization, heavy armour- 
plating, and giant size ultimately lead to the extinction of the species 

Fishes resembling modem sharks also flourished in the Devonian They had real 
jaws and efficient paired limbs m the form of tw o fms on each side of the bod) These 
fishes had cartilaginous skeleton which was by degrees replaced b) bones It is, however, 
m the bon) fishes that we sec bone harder, suffer, and more efficiently built, replacing the 
flexible cartilage Bon) fishes, which are the dominant group today , Iiad humble ancestors 
in the Dev oman 

Lung-fishes Amongst the varied array of fishes in the Devonian was a group, 
known as Mud-fishes or Lung-fishes which held promise for the future These lung- 
fishes arc represented today by three genera which arc found in three different continents 
Leptdosiren m South America, Neoccratcdus m Australia, and Prctoptcrus m South Africa. 
This type of discontinuous distribution of freshwater fishes is also an evidence of the 
contiguity in the Devonian Penod of these three continents m the form of one land block, 
Gondwanaland, which formed an cxtensiv e southern continent. In a v cry striking manner, 
land links and land connections of the past arc indicated by these three genera of fresh- 
water fishes which are at present found m three continents isolated from each other by 
long stretches of ocean The lung-fishes had two advances over other fishes, viz. paired 
limbs and swim-bladders vs htch funenon as lungs Fishes kv cm water, and get their oxygen 
through their gills from water They also possess a balloon-like sac filled with air, called 



THE DEVONIAN PERIOD 


89 


the swim-bladder which renders the fish relatively lighter than water. The swim-bladder 
helped in the liberation of arumab from sea water and enabled them to conquer land The 
streams in which lung-fishes hvc are choked with vegetation during the rainy season, 
and become chains of stagnant puddles in the dry months Thus, it is a very difficult environ- 
ment for ordinary fishes, who get choked and die The lung-fishes have, however, been 
able to survive in these stagnant puddles, by the aid of their swim-bladders which function 
as an auxiliary lung, and by means of which they breathe oxygen direct from air The 
Devonian was an age of stress and struggle Due to tectomc activity earth was elevated, 
and many lakes and lagoons were formed During severe droughts, which were charac- 
teristic of this period, a large number of freshwater fishes were exposed to the danger of 
extinction While many died, some retreated to the ocean and a few evolved primitive 
lungs and hmbs Flexure in the forehmhs of Lepidosiren indicates the manner in which the 
paired fins of a fish slowly became transformed into the hmbs The elongated paired fins 
became transformed mto a sort of legs without feet, enabling the animal to crawl along 
clumsily over the earth’s surface 

Pewphthatmus, a fish which is found in the nvers of tropical Africa, climbs trees with 
die aid of its modified fins and is said to walk faster than man Saiirtpterus, an upper 
Devonian fish, had bones in its fins which foreshadow the humerus, radius and ulna 
of the higher animals 

Emergence of Early Land Vertebrates— Amphibians 

As has been already observed, it was in the fast running freshwater streams rather 
than m the ocean depths that the evolution of animal life received impetus Possibly with 
the development of lungs, greater assimilation of oxygen took place which accelerated the 
evolutionary process Apart from lungs, the development of hmbs is also an important 
achievement of animal life, which enabled the animals to conquer land 

Lung-fishes, with primitive paired limbs and lungs, probably developed mto the early 
amphibians In Flptsiosfege, discovered from the Devonian of Canada, the skull is 
intermediate in structure between the crossopterygian fishes and the amphibians 
Similarly in Eogyruiits, a fish-like amphibian discovered from lower Carboniferous, 
there are rudimentary hmbs which are intermediate between the fins of fishes and 
the limbs of amphibians, and its skull also shows fish-like characters in the form of 
spaces in the palate 

In late Devonian we see the first signs ofland vertebrates, in die form of fossilized 
amphibian foot prints The most ancient foot print, Thittopiis antiquus, has been dis- 
covered from the upper Devonian of Pennsylvania in USA It reveals two completely 
formed fingers, with the cleft between them extending deep into the sole of the foot. 
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and the bud-like rudiments of the third and fourth fingers. It seems that the terrestrial 
foot began as a two-toed organ, on the outer side of which the remaining three toes arose 
in orderly succession till the typical number fi\ c was acquired The development of the 
Salamander's foot show’s a similar type of budding as in Tfunopus tract, and corroborates 
m a striking manner that the ancestral foot began as a two-toed organ. This was the 
precursor of the five-fingered human hand, fig 31 shows the probable evolution of 
forehmbs culminating in the human hand Thus, w r c see chat hie made great strides in 
the De\ oman Period. Not only do we see the origin of a land flora from marine or 
freshwater plants, we also see the emergence of land animals from fisli-hke creatures. 



CHAPTER NINE 


THE CARBONIFEROUS PERIOD 
( The Coal Age ) 

The Age of Amphibians and Lycopods 


The Carboniferous Period, which had a span of about 80 million years and ended 
about 205 million years ago, is sub-divided into the lower, the middle and the upper 
As the name implies, it was adopted about one hundred years ago for the system 
of rocks which were supposed to include world-wide coal beds In fact it is the later part 
of the period that contains the world’s largest coal deposits Thick deposits of coal also 
occur in the succeeding period, the Permian, which was originally also included within 
the Carboniferous but later separated from it The coal deposits of India are largely 
Permian in age 

In India, the lower and the middle Carboniferous constitute a part of the Dark Age 
which commenced with the Cambrian, the rocks from the Cambrian up to the middle 
Carboniferous are wanting in most of India, except in the North-W est Himalayas, Kashmir, 
Spin, Garhwal Himalayas and Tibet Pi 30 shows rock succession in Spitt 

In the Spin area there are over 600 m thick lower Carboniferous rocks, the lipak 
Senes, made up of hard and dark-coloured limestone with white and grey quartzite 
Overlying the Lipak Senes the black shales and quartzites consututmg the Po Senes, 
belong to the middle Carboniferous, which is an important datum-line in the geology of 
India A continuous sequence of rocks from Cambnan to Permian occurs in Kashmir and 
in the Chitral River valley 

From the upper Carboniferous to the end of Mesozoic, thick land deposits were laid 
m peninsular India, the rocks of which arc referred to the Gondwana system The upper 
Carboniferous began with a Glacial Epoch, the remains of which are met with m the 
Talchirs in Deccan, Onssi, Madh) a Pradesh, Rajasthan, Simla, Kashmir, Hazara, and 
the Salt Range 

During this period, which is also called the Coal Measure Period, the lands, where 
large forests grew, sank, and the sinking process was accompanied by repeated small 
oscillations of level Forest after forest were submerged and sealed under layers of sand and 
mud, and then raised again to be covered with another forest, which in its turn was flooded. 
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destroyed and presen cd. Thus, we see seams of coal alternating with bands of sand and 
clay. Although Devonian coal, Jurassic coal and Eocene coal arc known from die arctic 
lands of Spitsbergen or Bear bland, the major coalfields of the world were laid down in 
the late Carboniferous and Permian. Well over half of the world’s present supplies of 
good coal were laid down in the Coal Measure Period and giant lycopods, like Sicilians 
and Lepidodendron, provided the raw material. 

Pala cogc ography 

During the Carboniferous, profound changes took place in the relative distribution of 
land and sea. The waters of the Tcthjs Sea invaded the northern region of India, 
Tibet and a great part of China. The Tethys was a great central sea which girdled 
almost the whole of the earth, separating the continents of the northern hemisphere from 
those of die southern (Fig 32). 

Gondwanaland, the great southern continent. Gondwanaland is the name given 
to die great southern continent which stretched across the world to the south of the Tethys 
Sea and consisted of the present day South America, South Africa, Indian peninsula, 
Australia and Antarctica. Mcdlicott, Feistmantcl and Blanford arc die founders of the 
Gondwana system. It was carefully scrutinized by R. D. Oldham m 1893 and lias since 
been adopted by the Geological Survey of India. The rocks of the Gondwana system 
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cover a penod of about 150 million years, corresponding in age from die uppermost 
Palaeozoic to the middle Cretaceous To the north of the Tethys Sea were the Angara- 
land and the North-Western or North Atlantic Continent 

Wegener believes that the continents are not fixed entities of the earths crust 
and have floated over i viscous floor, farther and farther apart Suess, the Austrian 
geologist, described the earth’s crust as consisting of two zones The upper zone, the Sial, 
consists of acidic rocks such as gneiss and granite, contaming 60-75 per cent of silica 
and sedimentary rocks of all ages, forming the outer and lighter shell The lower 
zone, the Sima, consists of heavier basic rocks such as basalt, with a lower silica 
content Wegener visualizes the continents as a rocky scum of Sial floating on the 
denser Sima, which beyond the submerged edges of the continents, forms the floor of 
the oceans The basaltic Sima probably rests on heavier material, iron or an iron-ruckle 
alloy According to this view, the earth is believed to be solid throughout Wegener 
assumed that Sial was more or less equally spread over the whole surface of the earth and 
formed the floor of a universal ocean with an average depth of about 3000 m , which he 
named as Panthallasa Later the granite crust was crumpled up into a world continent, 
occupying about half of the earth's surface, which he called Pangaea The world continent 
or Pangaea was disrupted into three land masses, a giant continent in the south, and two 
continents in toe north, separated by the east-west Tethys Sea (Fig 32) These three 
blocks were further disrupted into smaller blocks which drifted away due to the earth 
movements According to this view, the sundering oceans are a measure of the distances 
to which the disrupted pieces of the former giant continents have floated farther and 
farther apart over a viscous floor Wegener regards the Atlantic as a great nft ui the Sial, 
which has gradually broadened in the course of ages The other view held is that the 
present continents are fixed portions of the earth’s crust and are remnants of much bigger 
continents which foundered and large areas sank It is possible that vast land areas may 
have been lost, but available geological, palaeontological and other evidences laid support 
to the views of Wegener 

Rocks in the peninsular India, which range in age from the upper Carboniferous to 
the Jurassic, form a connected sequence and are a prominent feature of the geolog) of 
So utli India These rocks were first known from the anaent Gond Kingdom, south of the 
Narmada, and were hence named is Gondwani S) stem by Suess Similar organic and 
physical features are seen in rock systems of South Afnca, Madagascar, Australia and 
South Amend There are unmistakable affinities between the freshwater fishes and other 
lower vertebrate fauna of India, Madagascar and South Afnca The Cretaceous dinosaurs 
of Madhya Pradesh in central India have many resemblances with those of Madagascar, 
Patagonia, Brazil and Uruguay Perhaps, the most interesting of the earber discovencs were 
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those from South America, of which W.T. Blanford wrote * “ . now these discoveries 
one after another of the exceptional character that have made the Indian, Australian and 
South African beds famous in the history of geological science, have been completed by 
the recognition in the South America of that remarkable and characteristic flora which 
first drew attention to the whole question It is curious how the typical forms of the low er 
and the upper Gondwanas has e been gradually traced in India, Australia and South Africa, 
how m each case a peculiar boulder bed has been found associated with diem, and how 
every one of the same peculiar features has now been met with in South America Not 
the least remarkable fact, moreover, is the peculiarly Indian facies of die Argentine flora, 
the association of Neuroptendutm vahdum Feist , Gangamopteris eycloptcroides lent , and 
Nocggcrathwpsis htslopt Feist., being characteristic of the Karharban beds ” 

Hettner described the coal measures of southern Brazil, and obtained from diem 
fossil plants belonging to the Glossoptcns flora Zeiller on examination found these to 
comprise Gangamopteris eycloptcroides associated with Lepidophlotos lari emus and a Lepido- 
dendrort Kurtz found a Lcpidodcndron associated with the Glossoptcns flora m Argentina 

Besides considerable floral and faunal evidences, thephysical configuration of the land, 
which formed the Gondwanaland, lends weighty support to Wegener’s hypothesis 
Peninsular India, Madagascar, South Africa, and South Amcnca fit into each other like 
pieces of a Jigsaw puzzle 

The intensity of the crustal movements, which gave birth to the Appalachian moun- 
tains in the eastern North Amcnca, and other earth movements which took place m die 
Carboniferous Pcnod arc believed to have been responsible for the subsidence of large 
blocks of land in peninsular India and odier parts of Gondwanaland. In diese sunken 
troughs, which lie mainly in theDamodar, Son, Narmada, Mahanadi and Godav ins alleys, 
die nvers of the Gondwana land poured thar detntus including forest trees These 
loaded troughs were well preserved among the Archaean crystallme rocks, and it is from 
die coal scams enclosed m the Gondw’ana rocks that almost all the coal of India is demed 
In these troughs, coal was not only made and preserved, but also saved from crushing and 
folding which w ould have otherwise destroy ed its commercial value by making ns extrac- 
tion difficult and costly The Gondwana deposits arc nver deposits, as is proved from die 
nature of the detntus, presence of terrestrial plants, crustaceans, insects, fishes, amphibians 
and reptiles, as w ell as from the total absence of marine animals like corals, cnnoids, etc. 

Gondwana Ice Age. From the presence of boulder beds, striated floor and un- 
dccomposcd felspar, a Glacial Epoch m the upper Carboniferous of Gondwanaland tf well 
established These boulder beds occur not only in peninsular India, but also in Rajisdian, 
Salt Range Hazara and Simla Outside India, they occur in Australia and Soudi Afnca 
The lowest beds of the lower Gondwwna arc known as Talclur Senes, after a former 
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State in Orissa Talchir Senes is divided into two stages, of which the lower is recorded 
from the Rajmahal hills to the Godavan and from Ramganj to Nagpur and consists of 
green, laminated shales and soft fine sandstone The presence of undecomposed felspar 
grains m the sandstones and stnated blocks of rock up to 30 tonnes m weight em- 
bedded in a matrix of fine silt indicates that the boulders and rocks were transported in 
floating blocks of ice, and were dropped in Talchir troughs According to Wadia the 
Aravallis and die Vindhyans were the chief gathering grounds for the snow fields, and 
from these the glaciers radiated in all directions 

However, in the succeeding strata, the Damuda (Permian), we find thick coal scams, 
which indicate a luxuriant vegeta tion and a warmer climate This is followed by another 
cold cycle in the Panchet Senes (Tnassic) The Panchet Epoch is succeeded by the middle 
Gondwana thick red sandstones indicating and desert conditions The comparatively cold 
climate of Gondwanaland is pardy accounted for by the presence of a cold sea with floating 
icebergs to die south protruding like a wedge between the Gondwanaland and the Antarc- 
tic Continent 

Warm climate in Angaraland and North-Western Continent. The two large 
comments m the north of the Tethys Sea were Angaraland and North-Western Comment, 
the latter comprising North America, Greenland and Norway Between Gondwanaland 
and the two northern continents there were some groups of islands The rocks of 
Angaraland, a name denved from the nver Angara in Sibena, range from the Car- 
boniferous to the Tertiary, and are characterized by the Kusnetzk flora Significant 
feature of the Angaraland vegetation is the admixture of Gondwanaland forms and 
plants characteristic of early Mesozoic floras 

A good bit of the western and middle parts of North Amencan-European continent 
was under the sea In the Permian, the Appalachian troughs ended, and the rocks were 
folded and faulted into the Appalachian mountains The continent was possibly washed by 
the warm sea currents 

The Carboniferous forests of the northern continents indicate a warmer climate 
These forests were possibly shrouded in mist, and an atmosphere nch in carbon dioxide 
Evidences m favour of a tropical or sub-tropical climate arc the occurrence of ferns 
belonging to Marattiaccac, a family now mainly tropical in distribution, the presence 
of cones on the older parts of the stem rather than on the slendcrshoots of rare trees Uke 
Sigtllarta, thus exlubitmg cauhflory as in tropical trees, and the absence of annual growth 
rings in the secondary wood of many Carboniferous trees 

A Carboniferous landscape m the northern continents (Pi 31) resembled the 
present day tropical forests in many features There were swamps and marshes and 
luxuriant vegetation It is thus that Seward describes the Carboniferous landscape m the 
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northern continents: "Through the wide and melancholy waste of putrid marshes mean- 
dered sluggish streams carrying natural rafts of wood and tangled masses of vegetable 
debris: lakes and lagoons were conspicuous features and there is evidence that at intervals 
the low-lying ground was invaded by the sea. Almost without exception cadi seam of coal 
in North America and Europe rests on a bed of clay, known as the underclay, penetrated 
by the spreading and forked ‘roots’ (Stigmaria) of LepiAodendron and Sigillaria. The under- 
clay is the surface-soil of the forests which in the course of ages became scams of coal” 

PLANT LIFE 

Plant life during the Carboniferous was thus profuse and varied and comprised 
several groups, viz. lycopods, arthrophytes, ferns, seed-ferns, and gymnosperms. Ammal 
life was equally rich during the period and besides the various groups of invertebrates 
and fishes in the seas and arthropods on the land, primitive amphibians had become 
conspicuous. Fig. 33 and 34 give the palacoscapcs of the Gondwanaland and the 
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North-Western Continent respectively, showing both plants and animals in the 
Carboniferous Period 

Lycopods 

From the pre-Carbomferous lycopods several lines of development evolved winds 
made this group one of the dominant dements in the vast, low -lying upper Carboni- 
ferous swamps of North America and Europe Carboniferous lycopods were mostly 
arborescent and characterized by unique aspects of morphology and growth Besides the 
arborescent forms, certain herbaceous lycopods very much resembling the modem 
SelagweJIa, also existed 

The arborescent lycopods attained a height of 30-34 m and a diameter of about 
1 m The stem was covered with scars or cushions of various shapes m Lcpidcdatdrcn and 
Si£il/drtd They were all dichotomously branched, even the root system (Sfrfnana) was 
7 
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characterized by dichotomy. The rootlets were, however, borne spirally on the ultimate 
bran chiefs. The section of the stem showed a large pith, enclosed by the primary w ood, 
surrounded by a band of secondary wood. Cortex was massive, with an extensive 
development of penderm or cork outside it. In some speacs the periderm was of a 
complex structure and was made up of radially aligned fibrous cells arranged regularly 
and imparting a storied structure. Penderm made a considerable part of die stem and 
perhaps served as the supporting tissue. 

The leaves ( Lepidophylloides ) were grass-hke, 3 to 4 mm wide and about 30 cm long, 
but the length was vanablc. They were borne towards the terminal portions of the ultimate 
branchlcts and on falling left a characteristic scar. The midnb was made up of an elongate 
group of trachcids, surrounded by the phloem and the transfusion tissue. There was 
abundant hypodcrmal tissue m the lamina. 

The sporc-bcanng cones were built on the same plan as that of modem lycopods 
but were much larger. The cones ot Lepidostrobits di versus had microsporangia in the distal 
partandmcgasporangiam the basal part, and both mixed up m die middle. In the shape of 
the sporangia, their mode of attachment and the presence of hgulc, they resembled the 
modem lycopods. An evolutionary’ sequence noted in the hctcrosporous lycopods in the 
Carboniferous reveals a reduction m the number of mcgasporcs per sporangium, an 
increase in the size of mcgasporcs and finally enclosure of the megasporangium by the 
sporophyll to form a seed. The last stage is seen in Lepldocarpon, in which the seeds arc 
attached to the cone axis. Lepldocarpon seed is an integumented megasporangium and 
represents the peak of evolution attained by die anaent lycopods. But its integument is 
certainly not homologous with that of die seed plants. 

Sigillanas and Lepidodendrons seem to have evolved from forms like the upper 
Devonian Archacosigillarta prtmaeva, which combined features of bodi. 

Arthrophytes (Articulates) 

The arboreal vegetation of the Carboniferous included some plants of diverse nature 
tV.Macvtwis.d. by dwt Gatm. esC «cws bcKiag vcb/atVtd. leaves vewb. reproductive 

organs of unique construction. They had obviously evolved from die Dev onian articulates. 
The Calamus amongst them attained a height of 15 m. or more. The stem had large 
pith and strongly dev eloped secondary w ood which was composed of trachcids and w ood 
rays. Xylem was made up of wood sectors, radiating out from die protoxylary canals wadi 
large intrafasacular rays lying between them, as in Artlropitys. In CalatroJendrcu , bands of 
vertically aligned cells flanked the wood sectors. In contrast to the stems, the roots lacked 
the jointed organization and had a solid pidi but no protoxylary canals. 

The foliage was borne in whorls, each having 4 to 40 leaves, either turned upwards 
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(As(crophyUites) or borne at nght angles to the stem The leaves were uiuncrvcd and 
lanceolate, but occasionally ovate to spathulate Eacli leaf had a single median vascular 
bundle with radially aligned mesophyll cells and conspicuous air chambers 

The cones were small and borne singly at the nodes or arranged in terminal groups or 
mfructcscences, but some were home on specialized branches The bracts and the sporo- 
phylls were borne in equidistant and alternating verticils, until about 12 bracts in each w hot! 
fused to form a disc at the base with the upturned distal ends separate The fertile appen- 
dages were about six in a whorl, each consisting of a sporangiophorc terminating m a 
peltate or cruciate head bearing four sporangia That was the construction of Calmostach) s 
bmtteyana C cashcma was heterosporous The whorls in C amcncana, another hctcros- 
porous species, had 40-45 bracts Some sporangia in this species had mcgasporcs at one end 
and microsporcs at the other In Paheostachya, the sporangtophores were home at an angtc 
of 45° to the axis Ctngularta typica had strap-shaped sporangiophorcs with two sporangia 
borne on the underside, whereas a single pendant sporangium is known in Stachattnulana 
Cones in KaUostacfiys scoUt were without bracts 

The herbaceous articulates were represented by the Sphenophy Hales Tiic Sphato- 
pfiyUmn stems were characterized by a triangular primary stele occupying the centre 
Secondary wood was formed in the older stems The wedge-shaped leaves were 
arranged m whorls of six, eight or nine, distally rounded or divided 

There is an array of fossil cones belonging to Sphcnophyllalcs In Bomnmttcs, the 
spore-bearing organs were arranged in distinct cones made up of whorls of bracts fused to 
form a disc The sporangiophorcs were borne above this disc InC dawsomi, the bracts fused 
to form a fvmncl-sliaped structure, the upper side of winch bore several sporangiophorcs, 
cadi with a single anatropous sporangium Lttosirobus touaists lnd 12 basally fused bracts 
at each node with 6 sporangia, each borne erect on a stout stalk 

Of all the articulate cones that of Cheiroslrolus pcttyeurensis from the lower Carboni- 
ferous deposits of Pcttycur, Scotland, is perhaps the most complicated (Fig 35) 
About 3 5 cm m diameter, it consisted of whorls of appendages, the compound sporo- 
phylls A whorl had 12 such units, each divided into a lower and an upper segment The 
lower segment disidcd horizontally into three stalks (bracts) which were lanunatc and 
keeled towards their distal ends with the ascending limb divided into two The upper 
segment divided horizontally into three, slender peltate sporangia 

Progressne simplicity in the evolution of splicnophyll cones has been suggested by 
Manny The most complex of all, Chcirostrobus pcttyeurensis, comes from the lower Car- 
boniferous, the less complex, Bou mamtes, is from the English Lower Coal Measures, 
whereas the simplest amongst them, Litostrobus, is from the Dcs Moines Senes This 
wide stratigraplucal separation of complex to simple cones is interpreted by Matiuy as a 
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Fig 55. Omrcitrohui ptttymrensU Croa led Tcmal »eceons of the complex cone from the lower CitbonJhwu of 
Scotland (After Scott) 


progressive reduction. Accordingly, Litostrobus, die simplest amongst them, is regarded 
as a highly advanced radier than a primitive fhicnficarion. Although acceptable as a 
working hypothesis, the problem remains as to how the older complex forms had 
originated and how they had reached that state. Their rapid decline at die close of die 
Palaeozoic is probably due to a slow rate of evolution in diesc highly complex forms. 

Ferns 

The early ferns, die cocnoptcrids, were characterized by protostehc stems with the 
fronds three-dimensional in dieir brandling pattern, but usually without lamina. Sporangia 
were borne terminally. In thar size, complexity of dieir fronds and stem anatomy, they 
were similar in organization as the protopterids, a Devonian group of plants. Some of 
them were perhaps reduced forms rather than being trulj primitive. 
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In these primitive ferns, the stem and leaf were not clearly differentiated A coeno- 
ptend consisted of a dorstvcntral trailing stem and an upright branch system Some of them 
grew as epiphytes, such as Botryoptens tnsecta and Tuhtcanhs scanclens A conspicuous lacunar 
middle cortex in the stems and petioles of Tubicauhs stewartn suggests that it had 
an aquatic or semi-aquatic habitat In Anachoropieris clavata, petioles functioned as 
stolons Stauroptens bttmUslaiuhca was heterosporous The megaspores were produced in 
ovoid megasponmgia with a tapered tip, whereas the microsporangia were spherical and 
bome terminally. 

Some coenoptends, like Anlyroptcris glabra, bore scale-like appendages, the aphlebi3e 
The nodal anatomy of AnLyropteris has provided clues to the origin of axillary branching — 
one of the most characteristic features of modem conifers and angiosperms 

Several kinds of f 'em foliage are known from the Carboniferous Since some of them 
bore seeds, it is not possible to say if those without the seeds belonged to the seed-ferns or 
true ferns. 

Amongst the true ferns, Marattiaccae were one of the dominant elements. These 
were graceful tree-ferns with an unbranched trunk and crown of large pecoptend fronds, 
bearing fused sporangia (synangia). Each synangium included five to nine sporangia The 
synangia were enclosed m synangial envelopes. In some, synangia were arranged in two 
rows, one along either side of the midnb of the pinnule. 

Some Pecoptens-type of leaves bore erect sporangia with apical annulus [Senftenbergia) 
as in the modem Schizaeaceae A clue to the origin of the unique sporangium in this 
family is provided by some Carboniferous Senftenhergias annulus is regular and two to 
three cells deep m S phtmosa, less regular and two to three cells deep in S. aphiorfermatica, 
whereas in S stun, the annulus cells are less clearly distinguished from the others and form 
an irregular patch around one side of the sporangium In the modem Schizaeaceae the 
annulus is made up of a single row of cells 

Evidence of the occurrence of Gleicheniiceae is found in Oltgocarpia It is a pinnate 
Sp/ienoptem-typc of frond bearing rosette-hhe son, each having four to five sporangia The 
sporangia were attached to a low dome-shaped receptacle and arranged in a single ring 
Each sporangium had a distinct gleichenoid-type of annulus 

There were certain other ferns winch bore sporangia, with or without annulus, 
marginally, at the tip of each lobe of lamina or of a vein. (AaangiophyUum paidtilattm, 
Bowem schlatzlarensis), but in Renauhia gracilis they were bome on the underside of the 
pinnule, close to the margin 

Amongst the Carboniferous ferns there also existed a strange type of group, 
the Noeggerathiales It had cycad-hke foliage and heterosporous cones The elongate 
cones bore two rows of semicircular scales, each with a fringed margin, bearing numerous 
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Ftc 36 t PJTtoiA-nos o» ujrtrokiu &<j&r»*Cou (After ILtk) 2, CrouethetM jp onucit t Jioi on i 

jpcctm-n from the upper Carbot-ifcroui of III mod (After Andrew) 

sporangia on its upper surface Fig 36 1 shows the restoration of Nongerathtestrehit 
bohemteus The Nocggcrathialcs, various!) referred to ferns and cycads were perhaps 
an isolated group of ferns possessing die characters of bodi fems and ejeads 

Seed-ferns 

The seed-ferns or the Ptendospcrms appeared first in the lower Carboniferous but 
became abundant during the upper Carboniferous and Permian The) possessed fcm-hVe 
foliage and bore seeds The lca\ cs were either pinnate (Spfimoptem- type, Aklf optens-type 
and NrHropfms-type) or spadiulate, os ate or Imcar-Ianccolatc (G/essepfmr-t)'pc and 
Giri£jMK*pfens-t)pc) The seeds were cither bomesingl) or in compact cones. The individual 
seeds w ere always enclosed in a cupule These w ere of an advanced structure, ha sang a stout 
integument, a nuccllus and a pollen diamber, with the nucellus and integument cither 
doscl) knit as in L)ginoptcndaecac or separate except at die base as in Medullouceae 
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The stem Ind strongly developed secondary wood, which in MeduHosa (Hg 37) 
was made up of separate proliferating steles, some having both the cxccntnc and 
conccntnc development of xylem. 

Hie male organs also presented a variety of morphological features The fertile branch 
system in Crossothcca consisted of a terminated part of a Sphenoptens-type frond with 
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ultimate branchlets turned into flattened laminae, each bearing a peripheral row of elon- 
gate, pendant sporangia (Fig. 36 2). DoJerotheca was a bell-shaped fructification consisting 
of several hundred tubular sporangia embedded m a cellular ground work. In IPS t'lcscyj 
(fig 33 3), the long tubular concresccnt sporangia were arranged in a single ring forming 
the wall of a campanulatc, shovel-shaped structure. Similarl) there w ere other synangtal 
types too. 

Some highly e\olvcd devices, especially in the de\ elopment of pollen trapping 
mechamsm, arc seen in the elongate distal lobes of the integument in lower Carboni- 
ferous Calathospermum (fig 33 1), and in the elongate, slender, hairy processes extending 
from the distal end of the integument in the upper Carboniferous Cnetopsis elhptica, 
which were perhaps better specialized for the purpose (fig. 3S.2). 

Since true ferns have not been found below the upper Carboniferous, such highly 
evolved forms as the lower Carboniferous Calathospermum, suggest that the seed-ferns 
have not evolved from the true ferns, but very likely both have originated independently. 
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Cordaites 

Cordaitales, chiefly represented by the genus Cordaites, along with conifers were 
the most imposing elements of Carboniferous forests These were trees of monopodtal 
habit, about 30 m tall, with the branches cl o died with spirally arranged strap-shaped 
leaves about a metre in length (Fig 39) The leaves were tough and leathery m texture 
and in anatomical features very much like the leaves of modem cycads The structure 
of the wood in Poroxylcn resembled that of die stem of Lygtuopterts, a Pteridosperm In 
the genus Cordaites, the primary wood was entirely centripetal and the secondary 
wood was very much like that of modem Araucarias 

The pollen and seed-bearing organs in Cordaites were produced on dwarf shoots, 
each arising in the axil of a bract, longer than the shoot (Fig 39) A dwarf shoot consisted 
of 25-40 closely imbricated scales with the distal ones fertile and more slender 
Male* fertile scales or appendages bore six long sporangia fused below Female 



Frc 39 Restoration op a branch op Cordites Utvis with whores cences in the axos o? tub leaves 
(After Grand Eory) 
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inflorescences, built on the same plan as the male, were longer, bearing two rows of 
dwarf shoots, each ui the axil of a bract Apical fertile shoots forked several times and 
bore two or more recurved terminal sporangia In Cordaianthtu zcdlen, a geologically 
younger species, each dwarf shoot bore not more than four unbranchcd fertile 
appendages, and occasionally only one, bearing a single terminal ovule The fertile 
appendages were short and the ovule or ovules were concealed among the sterile 
appendages Several isolated, bilateral and sy mmetneal seeds with wings, found m the 
Carboniferous, probably belonged to the Cordaitcs 

Conifers 

Besides the Cordaitcs, there w ere trees m the Carboniferous forests which bore short 
stout and stiff leaves, either closely oppressed to the stem, c g Lcbachia, or extending out at 
about 90° to the axis, c g Emesuodendron In their general habit these trees were probably 
similar to modem Araucaria cxcclsa In contrast to the lax inflorescences of the Cordaitcs, 
they had their seed organs aggregated into distinct cones In Lebacha, the cones were 
6-7 cm long and made up of spirally arranged, closely imbricated bracts forked at the tips 
Each bract bore a dwarf shoot in its axil The dw’arf shoot bore several imbricated scales 
with one ferule, bearing a terminal ovule Enicstiodatdron had smaller cones, built on the 
same plan as that of Lcbachia, but all the scales in the dwarf shoot were fertile Some 
species had erect ovules, whereas in others these were inverted 

Pre-Ginkgophyte 

In the upper Carboniferous there was yet another interesting plant, called 
Dichophyllum tnoorct, known from eastern Kansas Without any demarcation into stems 
and leaves, the mam axis m this plant was divided more or less dichotomously, and each 
branch ultimately subdivided into linear, slender, terminal brandies Associated with this, 
there were seeds with two horn-like projections at the micropylar end. The presence of 
a drnuicr cundc precludes the possibility of its being a fem It might have been a 
“prc-gmkgophy'tc' ’ 

Plates 32 and 33 give some of the Permo-Catbomferous plant fossils from India 
Advances in Plant Life 

The panoramic view of die Carboniferous flora given above, reveals that not only 
the plant life dunng this period was profuse, but also showed considerable morphological 
advancement, both in vegetative and reproductive organs 

From the viewpoint of evolution, the diverse Carboniferous plant life shows certain 
common trends m development, some of which are indeed landmarks in the evolution 
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of plants over that of the preceding Devonian PcnocL Simple dichotomy of the 
vegetative and reproductive organs as witnessed in die Devonian plant life under- 
went several changes to produce complex forms as seen in die Carboniferous Follow- 
ing Zimmcrmann’s Telome theory, die evolution of most of these complex forms be- 
comes easily understandable In a large measure, Zimmcrmann’s view coordinates the 
earlier morphological ideas expressed by Bower, Potowe, Ligmer and Tinsley that the 
stems and leaves of the vascular plants arc of die same origin, and these had been differen- 
tiated from a primitive axis and specialized for different functions These view's held that 
isotomic dichotomy was the oldest and most primitive and gradually with die develop- 
ment of unequal growth of die branches (awsotomy) a process of overtopping took place 
which led to sympodial and monopodial branching The leaf was believed to be a weak 
overtopped branch of an am! system with finite growth m contrast to die interminable 
apical growth of die main axis or the odicr branches Tiie structure of Devonian and 
Silurian Psilophytalcs supports the ideas expressed above, since the plant body in them is 
simply or complexly branched axis, and the fundamental organs arc merely specialized 
parts of this system 

Zimmermann considers the dichotomous branching as most primitive, and the land 
plants to have originated from the dichotomously branching diallus of the marine algae 
According to him the earliest vascular plants were composed of undifferentiated uniform 
organs, the ‘tclomes’, and they were die ultimate umnerved segments of a dichotomizing 
branch system Similar segments between the subsequent points of forking he calls as 
‘mesomes’ Based on internal structure and functions, he differentiates die vegetative 
tclomes (phylloids) from the fertile tclomes (sporangia) He believes diat the carl) simple 
vascular plants underwent certain organogcnctic processes during the subsequent geo- 
logical periods and gave rise to morphologically complex forms 

He is of the opinion that the differentiation of the sporophyre into three mam direc- 
tions has ultimately resulted in the evolution of seed plants Ly copods for instance have 
small, spirally disposed leaves, with sporangia placed in the leaf axils and the axis is actino- 
stchc In articulates, die leaves arc small andwhorlcd, the sporangia arc borne on the peltate 
sporophyljs and the axis is cusfchc Ferns have large leaves primarily arranged spirally, 
with sporangia bome on the pinnate leaves and the axis is polystehc. In the seed plants 
the axis is polystehc or custchc- 

The organogcnctic processes which have resulted in so much diversity arc over- 
topping plananon, fusion, reduction, recurvation and longitudinal differentiation 

Overtopping of a uniform truss of tclomes and mesomes leads to its differentiation 
into an axis and the lateral organs the lcav c$, winch arc later differentiated into rachis and 
leaflets Planatton bangs a bout a change in the s y mmetry of an organ The process of fusion 
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connects die tclomcs and mesomes. This webbing leads to the formation of leaves with 
open dichotomous venation or to pinnatcly veined leaves when overtopping also takes 
place. These processes are also believed to have led to the evolution of the complex 
stelar system from the primitive protostclc. Likewise the reduction and recurvation of 
tclomcs took place. Aggregation is a special type of reduction. 

Reproductive organs also evolved in the same manner. It was dirough the recurv- 
ing of the pedicels that die sporangia in articulates became pendulous and pedicels 
and the mesomes fused to form a peltate structure. It was recurvarion that brought the 
sporangia on the underside of the leaves. Overtopping resulted in the pinnate leaf and 
the lateral fusion of mesomes gave rise to a pinnatcly veined sporophyll with marginal 
sporangia (Hg. 40). 

The Tclome theory of Zimmermann is, thus, one of the plausible ways of explaining 
the trends in evolution from simple to complex organization and sice versa. 
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Some of the otter important landmarks in the evolution of plant life in general, 
which characterized the Carboniferous flora, arc discussed below 

Tliick-walled spores: Conquest of land. The Carboniferous Period was the age 
of ptendophytes, like lycopods and ferns, varying from delicate herbs to gigantic woody 
trees The sporophyte in ferns has usually a subterranean stem bearing a number of fronds 
or leaves On the lower surface of the leaves, are borne groups of sporangia, covered 
with shicld-like coverings, called indusia The sporangium is a sac-lihc body wJuch 
opens at a particular spot. Each sporangium contains a number of spores which arc shed 
on moist earth The spores have a thick wall which protects them against desiccation 
and thus they are able to survive m dry air This is a major advance winch enabled 
amphibious plants like ferns to firmly colonize the land 

To understand the vegetation of the past, it is necessary to know the present As 
living beings go on evolving from simple to complex organisms, there continue to remain 
some of the simple forms Out of these Scfaginella, Lycopodium and Eqmsctunt arc 
the most important (Fig 41) as they provide a glimpse of the vegetatton of the 
Carboniferous Let us examine their life cycles so that we may understand them 
better 

From each successful spore a prorhallus or the gamerophyte is produced The 
prothallus of the fern Aspuhnm is heart-shaped and is fixed in the earth with the aid 
of rhizoids On the ventral surface of the prothallus are borne the female sex organs, 
the archegoma, and the male organs, the anthcndia Hie archegoma are flask-shaped bodies 
with a neck and a swollen venter containing an egg cell The anthcndia arc domc-likc 
structures which produce a number of sperms In ferns, wc thus sec that there arc two 
independent plants, the asexual one which bears leaves, stem and roots, the so-called fern 
plant, which produces asexual spores, and the prothallus or the sexual plant, winch is a 
green creeping structure of the size of a human nail, and bears the male and female sex 
ergses TJtcspsa n Bests sheet & Beeps ef wstee, the .wrr.V eftho jtreSfsgegtitxa ask ? 

its male nucleus fuses with the egg nucleus The fertilized egg or oospore divides and re- 
divides, thus producing the embryo The embryo clings to the mother prothallus for some 
time by its foot and then gives below a root, which pierces the prothallus and probes 
into the soil, and produces stem and leaves above Plants like the ferns with elaborate 
prothallus arc truly amphibious, as their sexual generation can only grow m moist 
places Even if the mam plant can grow in dr)' conditions, it is tied by the prothallus 
to moist places In fact, the existence of an independent prothallus, which is dependent 
upon water and moisture, is a hindrance to the further conquest of the land 

Hctcrospory and seed habit. In plants like Srfaginella certain material advances 
are seen as compared with ferns The most notable advance m Selagtnclla is hctcrospory 
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111 some of the sporangia, usually all the spore mother cells function, and divide and produce 
numerous microsporcs. The sporangia bearing the nucrosporcs arc called microsporangia, 
andlravcs bearing them arc called micros poroph) 11 s. In some sporangia, extensive abortion 
of mother cells takes place, and only one mother cell, w hich produces a tetrad of onl) four 
spores, is produced. In some eases, c\cn out of this tetrad only one or mo spores mature. 
The remaining spores provide food material for die surviving spore or spores which arc 
called megaspotes, and arc borne in sporangia called megasporangu. The micros pore 
germinates and produces the male gametoph) tc which is a comparatively simple structure. 
The nucrosporc divides into two cells, a small vegetative cell and a bigger an then chum 
initial cell The solitary andiendium, which produces a number of sperms, develops from 
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the anthendium initial cell The male gametophyte m SelagweVa is thus reduced to one 
vegetative cell and one anthendium The female gametophyte develops from the mega- 
spore by repeated divisions A cushion of cells is formed at the apex of the megaspore, while 
its body below is free from cells and acts as a food reservoir The investing wall of mega- 
spore cracks at the apex, and exposes an expanded mass of tissue in which the female 
sex organs or archegoma develop By the development of two types of spores, megaspores 
and microspores, and two kinds of prothalh, a division of labour came into being The 
female-producing spores are larger in size as compared with male-producing spores, for 
the female sex organs require a bigger space Tims we see sex bang thrown back from the 
gametes on to the prothalh, and from the prothalh on to the spores from which they take 
their origin The male gametophytes are brought to the mcgasporangia by wind or gravity 
The sperms enter the archegoma and fertilization occurs The embryo feeds on the food 
material stored at die base of die female prothallus Development of heterospory among 
ptendophytes like Selagmelta made the evolution of seed plants possible An approach 
to seed condition is seen m Selagmclla, where the megaspores are not shed but arc retained 
within the mcgasporangimn, within which the female gametophyte develops, the egg is 
fertilized and the embr> o or the young sporophyte is formed 

Strobilus or Cone In ferns, sporangia arc found on the lower side of the leaves, and 
there is generally no distinction between sporangia-beanng and stenle vegetative leaves 
In the fern Osmunda, the sporangia-bearmg portions of leaves arc marked out from the 
purely vegetative parts In Selagmelh, the sporophylls are clustered together and form a 
loose strobilus This differentiation of sporangia-bearmg leaves from vegetative leaves 
and their clustering into one zone is an important step towards cone and flower- 
making Loose, cone-hke structures arc seen in some species of Lycopodium, and definite 
compact cones are seen m speaes of Equisetms 

In the Carboniferous Period the plants were perfectly at home on land and had 
won the xhoroy the swamps and the lowlands, which were covered with a green carpet 
of vegetation The swamps and moist places were green with liverworts, mosses, and the 
prothalh of ferns and other seedless plants Herbaceous lycopods and ferns were abundant, 
and were of many more varieties than can be imagined even by the dwellers of temperate 
countries of today Seed-fems were also very common Neuroptcns was a common repre- 
sentative of the group, bearing rows of oblong rounded leaflets, and also Jtrge tapered 
seeds in place of some of the leaflets True tree-ferns were represented by Psaromus which 
was characterized by die attachment of fronds m two opposite senes 

Gloss op ter is and Gongamoptens were other characteristic plants of the Gondvvanaland 
Gangamoptcns was a ptendosperm and several speaes of this broad-leaved genus 
have been recorded from Talchirs (upper Carboniferous) The curious fossil, 
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Vcriebrana tndtca, which w*as regarded as an eejuisetaccous plant, is now believed to be the 
rhizome of Glossoplens The ringed seed Satnaropsis , and branches of Daioxylon arc also 
associated with Glossoplens leaves (PL 32 and 33) 

It is, however, thcclubmosses which were the dominant plants of the Carboniferous 
Period, and w ere the lords of the forests The handsome scale-trees, Lepidodendrons, wadi 
their pillar-hke trunks, embossed with a beautiful scales pattern, raised their heads above 
all other forest trees These lozenge markings indicate the scars left b) fallen Icav cs Near 
the top, the Lepidodendrons branched into a fine crown, with the forked trunks and 
branches cov ere d with small leaves ending in a sporc-bcanng cone The companions 
of the Lepidodendrons w ere die Sigillanas, the seal-trees, so-called from die pattern oflcaf- 
scars on die srem Sigtllarxas w ere xnosdy unbranchcd and soared upwards into an elongated 
conical summit encased in a tuft of long pair-like needles, and bore clusters of stalked 
slender cones 

The swamps of the Carboniferous Period w ere studded with jointed plants, the 
ealamites, distinguished by their transverse nodal lines and frill oflcavcs round each joint, 
and branches bearing stalked, long and narrow cones Like the rushes of toda), ealamites 
filled die bogs and marshes of the Carboniferous Period. The columnar stumps of ealamites 
were bare below, where branches had been cast off, and the bark was fissured b) die 
continued expansion of the wood w idun From d eir creeping subterranean stems, jointed 
pillar-hke stems, resembling magnified horsetail stems of toda), arose above, imparting 
a characteristic appearance to die Carboniferous landscape There were man) varieties of 
ealamites differing from one anodier in the shape or size oflcavcs, and m the arrangement 
of slender branches Other members of the arthroph)tcs were Schizcttana and 
Ph)llclheca Ph)llotlteca was a comparativ cl) small plant with jointed stem, and cup-like 
whorls of leaf) sheaths cut mto short linear segments Phyllolheca also occurs in the upper 
Carboniferous rocks in Asia Minor and in Permian rocks m Siberia The most fantastic 
trees were the tree horsetails, some of which were as high as 18 m Scrambling over the 
branches of the ealamites, were uphcnoiphvUs, the climbing, horsetails, bearing whorls 
of wedge-shaped leaves. 

Another significant small tree was Psyyttpphyllitm wadi divided Gmly (‘-like leav a. 
Cordntes, the predecessors of our conifers were ver) characteristic of the Carboniferous 
forests. The) w ere tall and slender trees, some ov cr 30 m high, wadi beauuful leaf) 
crowns Their leaves were long and strap-shaped, resembling some of the larger-leaved 
speacs of the tropical conifer, Agaths 

The colonization of land b) plants started in die Devonian Period, when the leafless 
jporophvtes of PsdophytaJes escaped from the parasitic existence on the prothallus With 
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SOME CARBONIFEROUS ANIMAL FOSSILS FROM INDIA 

1, Protorctepcra am ph lonsdjlc, 2, Product™ spiliensis Dien, 3, Syrin$othyrii cuspidata Mart , 4, DicIJiwa Udorense Dten, 
5, Xfodiola fidarrojiiDien, 6, Eurydcsma IitfbarfenjeQohnston) var rotundata Reed, 7, Comilarta ptmjabica Reed 
(1, Bryozoa, 2-4, Brachiot'o&i, 5 &. 6, lamellibtanchiau, 7, Ptetopoda) 
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RESTORATION OF DIPLOVERTEBR.ON, A GENERALIZED AMPHIBIAN FROM UPPER 
CARBONIFEROUS OF PENNSYLVANIA 
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SKULL OF CONDWANOSAURUS BIJORIENSIS. BIJORI LABYRIVTUODOVT, RECOVERED FROM 
CHHINDU ARA. MADHYA PRADESH 
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the aid of duck-walled spores, they could survive and spread in i subaeml environment 
Soon after, leafy structures along with vascular tissue were evolved With the manufac- 
ture and storage oflarger quantities of food material, great possibilities for further advance 
opened out The adoption of heterospory and seed habit in plants like the lycopods 
such as Lcpidodendron, seed-ferns, the ptendosperms and the spermatophytes like Cordites 
afforded greater protection to embryos of these plants, and opportunities for dispersal 
over wider areas were opened out. Thus, plants which were formerly restricted to the 
swamps or the sea shores, also uivaded the hinterland and colonized larger areas of the 
earth, and made them fit for the existence ofhigher types of animals too 

ANIMAL LIFE 


Invertebrates 

Among the lower forms of animal life, Brachiopoda retained thezr leadership in the 
Carboniferous Period, and a large number of genera and species have been recorded from 
Kashmir and Spm Another group of invertebrates, the stalked crmoids, die so-called sea- 
lilies, also became abundant They must have colonized large areas of the sea bottom, and 
their waving heads must have presented a remarkable sight, resembling a field of wheat 
at harvest time Insects of many varieties have also been recorded There w ere cockroaches, 
several centimetres long, and also dragon-flies with a wmg spread of nearly 70 cm But 
insects ofhigher types like bees and butterflies had not yet appeared and they evolved much 
later with die flowering plants Some of the Carboniferous annual fossils from India arc 
given in Pi 34 

Vertebrates 

Sharks, which had appeared as an inconspicuous group of fishes in the Devonian, 
developed rapidly and many speaes are known from the early Carboniferous Period 
Evolution of limbs and lungs was forccdon the mud-fishes by the drought which prevailed 
ill the Devonian Period, and by the oxygen starvation m the stagnant pools and lagoons 
which were choked with vegetation However, it is the amphibians with clumsy bodies 
and short legs, which were dominant forms in animal life of the Carboniferous Period 

Wells and Huxley describe the animal life of tins period as follow's “Among the 
* land-folk are also a few* little ancestral reptiles insignificant in themselves, but rich with 
promise In and out of the vegetation there run cockroaches in plenty, large and small, 
with mites and scorpions and centipedes and ancestral spiders and a few land-snails to keep 
them company. It is a strange world, and a varied world No birds nesting or singing m 
the trees, no bellowing, roaring, squeaking or howling of mammals, savage or small, 

8 
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no flowers anywhere, no fruits, no caterpillars to eat the leases, no bees or butterflies, the 
forest, without colour of flowers or of autumn leases (for there is no change of seasons 
here), is a s) mphony in brown and green with ) cllow veils of sporedust sinking into black 
pools below 

On the ground and the swamps craw 1 and swim the Carboniferous \ ertebrates Most 
of them are amphibians, but amphibians that will surprise an) one who dunks of amphibians 
solely in terms of frogs and salamanders There arc also fish-eating creatures with long 
snouts like alligators There are legless wrigglers and swimmers, some have fantastic flat 
heads nearly as big as their bodies, others arc plump and hideous, with patches of armour 
plating here and there on their heads and backs Many of these arc permanent water- 
dwellers, having sunk back to dieir ancestral element after the briefest taste of the land 
world. But some of them, as T H Huxle) put it, pottered with much bell) and hide leg 
like Falstaffin his old age, among the coal forests " 

Plate 35 gives a restoration of Diploi ertebron, a generalized amphibian from die upper 
Carboniferous of Pennsylvania 

Evolution of Limbs. Limbs were the mam achievements of amphibians, but 
a few used them fully Forms, like Dtplocaulus, with flattened head, a wide-gaping 
mouth, and a wriggling body about 1 8m long, used their limbs more as paddles Permo- 
Carboniferous Archegosattms, with a body about 15m long, and an elongated snout, 
occasionally used its legs for moving from one part to anodicr Allied to Arche^csn irus 
is the Permian Gondtvaiiosaunv, a lab) nnthodont, known from Byonm the Narmada 
valley PL 36 shows the skull of G bijonettus The Mangh labynnthodont, Brul )ops 
laticeps Owen as closely related to Microphohs stomi Vux from the Beaufort beds. 
The aberrant genus Dtcymodon is represented b) no less than thirteen speacs in Soudi 
Africa, and is not known elsewhere except from the Panchet group and from reported 
Tnassic beds in North America, along with Piychcstagutn cnentak The bulk of amphibians 
went on living eating and breeding in water Their gillcd tadpole stage kept the amphi- 
bians tied to their aquatic environment. However, there were some amphibians who used 
their legs more often The) left thar ancestral pools and crawled on earth in search of food. 
While chasing their food on land, thar legs became more pow crful, and thar skin tougher 
and harder Such were the stcgocephaluns, the first precursors of the land vertebrates, and 
thar progeny has inhabited die earth. The stegocephalians were wcak-backed crawlers 
w hich colonized salt w aters Forms, like Archegcfourus, had long snouts like crocodile, and 
probabl) fed on fish It was forms like these which were the ancestors of modem amphi- 
bians, and also of the first reptiles and were ulnmatcl) the ancestors of higher v ertebrates 
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THE PERMIAN PERIOD 
The Age of Ptendosperms and Primitive Reptiles 


The name Permian was adopted in 1841 by the British geologist Sir Roderick 
Murchison after die province of Perm in north-eastern Russia, for the strata intermediate 
between the Carboniferous and Tnassic Systems which are greatly developed in the 
flanks of the Ural Mountains This period lasted for 25 million years from 205 to 180 
million yean ago Hie earth movements which commenced in the Carboniferous Pcnod 
attained their culmination in the Permian High mountain ranges w crc formed and there 
was also volcamsm In the northern hemisphere, arms of sea were at times cut off by the 
warping of the earth’s surface giving nse to land-locked seas In and regions, deposits of 
potash and salt were formed by the drying up of these seas In moist, warm, or temperate 
regions, grew dense vegetation from which coal was formed. In diet, the mam coal forma- 
tion period of Gondwanaland is Permian Fig 42 gives a map of India showing the dis- 
tribution of coal fields A barrier of coal, across Korea Nala in Madhya Pradesh, is shown 
in PI 37 

Palacogcograpliy 

The Gondwanaland. ThcTcthys Sea extended its arms in various direcnons towards 
the Gondwanaland, viz. in the Salt Range of Pakistan, Kashmir, Spin, Kumaon, 
Nepal, Sikkim and the FoothSh of the Assam Himalayas, maintaining communicaaon 
between the European and the Chinese seas by way of TurJostan, Iran and the Kun Lun 
throughout most of the Permian Pcnod Gulmarg m Kashmir, where highly tilted 
Gatrgamoptcrts beds at an altitude of about 4100 m have been discovered was perhaps 
the most northcrnly extension of Gondwanaland. To the cast of this region a bay of 
the sea spread over upper Burma and in the west over the Salt Range or Baluchistan 
An arm of the Tcthys Sea extended from the Persian Gulf to the shallow end of a trough 
in Umana coalfield region of southern Rewa through Gujarat and along the Narmada- 
Tapn valleys On the floor of the Tcth)s were formed the deep water deposits from 
the beginning of the Permian to tbc middle of Eocene Period constituting the great 
At) an system of Indian geology. Except for this sea incursion, land conditions prevailed 
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Fic. <2. M*r or Inch jnoinsc Btmmrnov or coal rmm The coil Gelii of MadLya PraJevh, CJur. Vr< 
Bengal, Miharaihtri, Andlira Pradnh ind Onm ire Pcnrun. »Lemi the coil CelJi of Jammu and kaiaaur. 
MadnJ, Rijuthin asd Amo ire Ternary 
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BARRIER OF COAL ACROSS KOREA NALA IN MADHYA PRADESH 
An elephant is standing on the parting bet* tea the two coal irami 
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m the peninsular India The ice sheets of the Talchir Epoch, no doubt, eroded an ay- many 
minor hills and filled up many a alleys with debm, the Azavalh range still remained a 
great mountain forming the main watershed of the north-w estem Indian angle of Gond- 
wan aland The Vindhyan ranges and die Eastern Ghats also continued to belugltlands 
There were three major nver valleys, impressed upon faulted trouglis coinciding 
with the present day valleys of the Damodar-Son in Bihar and West Bengal, die Malianadi 
in Orissa and Madhya Pradesh, and the Godavari and Wardha in Maharashtra and Andhra 
Pradesh These valleys were bordered by mighty hill ranges and interrupted b) extensive 
swamps which became transformed into temporary lakes in periods of flood. In such lakes 
and in flood plains was laid down a duck senes of lacustrine or fluvtatdc deposits, with 
intercalated plant remains which ultimately formed the coal seams, constituting the fresh- 
water Damuda Series, the equivalent of the Permian The senes has been named after die 
Damodar nver which flows through die Bokaro, Jhana and Ramganj coalfields of Bihar 
and West Bengal The rocks of the senes, besides their major distribution in three linear 
tracts of the Damodar-Son, Malianadi and Godavan-Wardha valleys, are found as 
detached outcrops along the foothills of the eastern Himalayas, in Darjeeling Sikkim and 
Bhutan, and in the Aka Daphla.Miri and Abor hills in Assam Fig 43 gives maps of India 
showing exposures of Permian formations and die geography in tins period Palacogco- 
graphic map of Gondwanaland* is given m Tig 44 

It is thus that Cyril Fox describes the Indian Gondw analand m the Damuda Period 
"When we endeavour to unravel the geography of the Permian and upper Carboniferous 
Period we begin at the earlier date with a continent buned under a \ast sheet of 

* On v. hat data arc these maps of the geolog cal per ods based l you will ait These reconstructions are based on inference* 
from * sanely of fieri. If we find a deposit con tuning fossils of marine animals it is an ind cation that the particular repots 
was tinder t! e sea. A break m a sene* of mince depos t« tnd Cater that for part of the time the rrg on was show the sea. 
T1 e gradual change from fine days to come sands aa we follow them ftom one region to another indicates tl e cv stente 
of lard not fir from the region of coarse lands. The discos cry of the tame marine fauna in two widely separated Joealmrs 
ind eater a sea connect on between them in the past On the other hand the presence of different marine faunas of the same 
age suggests a land barrier between the two reg ens. The prtirncr of sim3ar land plants and animals in d stant repons 
points to a (and connection between tLe two rrg one which may be widely separated now On the other hand the presence 
of different plants and animals in the rock strata of the same age in distant regions points to a tamer wh eh may be * sea 
channel, a desert, ot a range of mountains. The presence of a depone la d down in frnh water or on land indicates the 
presence ofland Howes er it ss very seldom that dear evidence of this type is available This si particularly so in pemnnilat 
India w here extern ve Mode faulting har occurred, and considerable denudation of the land has taken place Under ruth 
cond t ons, the presence of fresh water estuarine or marine lorn at oni does not lead us to exact locations of true shore 
lines and tl e extensions of the ancient seas. In the present extrvfeninsularlndo-Gangetiertgion considerable folihnp sad 
faultwc has occurred and consequently shortening of tl c land surface hat taken place. Moreover it is also hktly that tlx 
continents have dtifted. Hence it ti evident that large amount of gucti wotk is involved In palaeogeegnphy and the 
problem of elucidating the ancient distribution of land and sea is not so simple Numerous recomuct cm of d ttnbut.cn 
of land and tea in different penods have been published by vinous author* which najuraBjr d ff-r widely Arfir hat 
combined them snd has produced a number of map* which ate based on the fargert taciturn of agreement between the 
sanous palteogeografhert and geologists. 
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continental ice which appears to have moved northward up the Godavari and Mahanadi 
valleys and eastward down the Son-Damuda valleys In the far north, the ice appears 
to has c entered the sea and drifted on as icebergs and floes to die Salt Range and Hazara 
and Kashmir m one direction and to the area of the Simla hills m another The retreat 
of the ice m uppermost Carboniferous times disclosed a sea in the Salt Range and 
Kashmir areas m which Btrydesma glchosum lived. These animals are so close!) related 
with species found m strata of the same age in New South Wales that wc arc obliged 
to admit a direct sea connection betw ccn the tw o areas The problem is 'Along what line 
did such a sea-way he t* The simplest solution for the present is to take the vallc) of the 
Ganges as the channel of that connection In lower Permian times came the transgression 
of the Tethys from the north bringing m a rich productus fauna After considering all 
possible factors — faulting along wnth the Son-Narhada vallc), etc. I am prepared to 
accept a possible connection southward from the Central Himalaya into Central India 
about Umana as suggested by Fcrmor " 
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large area of this southern part of Gondwanaland was covered by icc sheets. Si milar ly, 
South Africa, and the southern tip of South America were also extensively glariated. 

The North Atlantic Continent. The North Atlantic Continent presented a U- 
shaped appearance, one arm of the U consisting of the prunim e North American con- 
tinent, the Ncarctis, and the other consisting of Greenland and western Europe, including 
Scandanavia, the North Atlantic proper. Separating the North Atlantic from Angara- 
tand was the Volga Sea which cotcrcd European Russia, and was linked wnth Tethys 
Sea and Pacific Ocean in the region of central Asia. According to Brooks, a warm 
current washed the western shores of Angaraland and the eastern shores of North Atlantic, 
thus inducing a mdd climate. It is on the assumption of a warm current that the presence 
of corals m Volga deposits is explained. Angaraland and North Atlantic had a warmer 
climate, rcccn cd comparatively heavier rainfall and supported a luxuriant \ egetanon. 

In the North Atlantic Continent, the Permian was a period of great changes. Osera 
wide tract of North America and Europe, land extended its boundaries. In the western 
or central part of North America, the Appalachian Trough ceased to exist and due to the 
folding of the eastern crust, the Appalachian Mountains were bom. In place of wide 
stretches of open water, there wnis a land-locked sea, and the dry conditions fas oured the 
deposition of the layers of salt on the floors of the lake basins. By the end of Permian, 
the whole of North America emerged from the sea, and a period of erosion of the entire 
continent set in lasting well into the Trussic. There was a change from a humid to a 
rclamcly dry climate. The swamps of the Carboniferous, bearing luxuriant forests were 
transformed into and land, as is indicated by the accumulation of thick sheets of red sand. 

Climate 

The retreat of ice towards the close of Carboniferous resulted in gradual warming up 
of the climate m Gondwanaland during the Permian. The climate must base fluctuated 
from sub-arctic to cool temperate. The restoration of water from the melting of ice to 
die sea resulted m the lower Permian transgression of the Tethys Sea from the north and 
possibly from the central Himalayas into central India as far as Umaru. Several large 
lakes then existing in the peninsula had eastward outlets to the sea down the Damuda aril 
the Brahmaputra valleys. Soon the climate became warm temperate and humid, when 
lakes, marshes and swamps abounded with luxuriant vegetation. It was during this nme 
that extensile peat was formed m marshes and swamps, to which an enormous dr bn 5 of 
vegetation was also earned by the streams. This peat later turned into coal. During the 
upper Permian, the climate became dry and arid, which presented peat formation, 
although flood plains and shallow lakes did exist. 
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The Permian transgression of the sea affected other continents also Evidences for the 
occurrence of and climate have been obtained from other parts of the world espeaally 
Europe and North America in the form of salt, gypsum and potash deposits and red 
sandstone 

There is, however, difference of opinion as to the dating of the commencement of 
Permian Period from the glacial beds lying below, which according to some specialists 
belong to die upper Carboniferous In any case, the Penman Period witnessed changes in 
climate, mountain building and marine transgression In India die late Palaeozoic glaaa- 
tion is referred to the upper Carboniferous and the best climatic conditions favourable 
for copious plant growth occurred in the mid-Permian Consequently, we have the 
best developed coal deposits from this period The same applies to other parts of the 
vast Gondwanaland, but in other continents the conditions were different so that distinct 
floral provinces existed 


PLANT LIFE 

Climate in the early Permian was on the whole unfavourable to plant life From 
thousands of species in the Carboniferous, it was reduced to only a few hundred in the 
Permian A general reconstruction of Permian landscape showing plants and animals is 
given in Fig 45 The lycopods were still represented by stray species of Stgillana, 
and Equisctales by forms like Equtsetilcs Cafatutes and Schtzoneura Ginhgoales were 
represented by Tnchopiiys hctcromorpha, Sphenobatera, and Psygmophyllnm, a tree with 
leaves resembling those of Ginl^o In Tnchopiiys and Sphenobatera, the leaves were much 
longer and divided dichotomously into long and narrow segments The leaves m Sphetto- 
haiera were arranged on short and long shoots Coniferous vegetation included Lehachla 
and Emestiodevdron both of which were also present in the Carboniferous, and CarperKteria, 
Pseudovoltzia and UUmanma These early conifers show interesting steps towards the 
evolution of seed-cones of modem conifers Ptcndosperms, and many other trees flourished 
in die North Atlantic Continent from Europe to North America, some even reaching the 
Atlantic regions At the end of the first half of the Permian Period we see a second trans- 
formation The swamps and luxuriant forests of the Carboniferous were transformed into 
and wastes with very sparse vegetation The large patches of rich vegetation due to the 
luxunance and vancty of the cordaites, ptcndosperms and the arborescent lj copods, and 
calamites were reduced to inconspicuous vestiges, possibly due to changes from a humid 
to a relatu ely cold and dry climate 

Due to the prevalence of a variety of cltfnitic and physiographical conditions, the 
plant life of the Permian was distributed into distinct floral provinces, for instance, the 
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Gigantoptens flora of the Far East, the Glossopteris flora of Gondwanahnd and the 
Kusnetzk flora of Angaraland 

Gigantoptcns Flora of the Far East 

The Permian vegetation of north China and Korea indicates more or less and condi- 
tions, and shows affinities with the Perm o- Carboniferous floras of North America and 
Europe which flourished m a moist tropical climate Out of 103 spcacs desen bed from 
China, 20 spcacs are identical with European forms, 14 arc North Amencan and 70 arc 
new , hut many of these belong to genera which are abundant in the northern floras One 
of the indigenous plants of north China is Lobatanmilana, an eqtusctaccous genus bcanng 
fan-shaped wborlcd dusters of linear leases on brandies Other members of Equisetal« 
are Astercphylhtes and Annulana, and a solitary spcacs of Catamites, C suekenu 
Sphenophyilum is represented by several spcacs L> copods are represented b) 
spcacs of Lepidodendron One of the most striking plants is a ptendosperm calW 
Gigantoptens, with fronds about a metre in length, bearing large lateral leaflets with 
toothed margin It is so widely distributed in the Permian flora of the Far East, that « 
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Fig 46 Fektub (shed-beawng) mwoosrmt fouacb «om the Permian ov China 1 Sphmopteru tenuis 2 , AM optals 
norinll 3 EmpkdopMs tr angularts (1 & 2 »ft« Hille 3 after Andrews) 

has led to the naming of this flora as Gigantoptens flora Fertile leaves of a few ptendo- 
sperms from die Permian of China are shown an Fig 46 

Glossopfceris Flora of Gondwanaland 

To meet the new conditions of environment, after the retreat of upper Carboni- 
ferous ice and with the progressive amelioration of climate, new types of plants, bushy in 
groivik, hscdxcr, sad wt dt dacha: sad rangier fewer, ewiVet? m Gaadmuisixad. Fasal 
remains of a ptendosperm, called Glossoptens, are very common, and due to the predo- 
minance of this plant, the flora of the Gondwanaland is called Glossoptcns flora Gloss - 
aptens had long tongue-shaped leaves, with a midrib and a network of lateral veins, 
bearing seeds Two-winged pollen grams, Pityospontes antarcitctis, originally described by 
Seward from Graham Land, within a few degrees of the South Pole, ate now recognized 
as those of Glossoptens, and have been discovered from India, Australia, Africa and 
Antarctica Glossoptens leaves, bearing female reproductive organs, have recently been 
described from the lower Permian of Vereemging in the Transvaal by PlumstcacL The 
rounded or ovate, bilaterally symmetrical cupulcs attached by a pedicel to the midrib of 
the leaf are believed to be the seed-beanng organs Plumstcad believes that the cuputes in 
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ih'-sc fructifications (Sr if im) were dos-d after fertilization, thus showing the possibility 
of angtosperm relationship 

The rhizomes contain bordered tnchnds of the gymnospermous type On the 
oth'T hind the epidermis of Glossoptcns cn^ushfolia resembles that of angiosperms 
Based on the structure of the C hssop ens fructifications, Plumstcad advocates the ongm 
of modem angiospcrms from the Glossoptcns flora 

Another common genus was Gangamoptens, also a ptendosperm with larger leaves, 
and a full) developed midrib Glossoptcns and Gsngamoptms were probably shrubby in 
habit Pi 33 shows these plants m a pibeo scape of Gondwanaland in Permo-Car- 
boniferous Period. GonJ t antdium was another ptendosperm with long fronds bear- 
ing tw o rows of larger and deeply lobed leaflets A few ptendosperm fronds similar 
in appearance to those recorded from the northern hemisphere hav e also been found in 
India Some Permian plant fossils from Panchct hills in Bihar arc shown in P1.39 
The relatively small number of species, predominance of slirubby habit, and scarcity of 
arboreous forms, and the presence of sharply marked growth rings in the few trees that 
are known, are facts which lend support to the prevalence of a cold temperate climate in 
Gondwanaland. The emergence of so many new genera and spcacs which are radically 
different from the arborescent Carboniferous plants is possibly due to mutations which 
occurred on a Urge scale. As Sahni observes ‘ Exposure to the rigours of the climate had 
quickened die pace of evolution, as if by induang saltations on a large scale, a sort of 
natural vernalization, affecting not only the individual hfc-cycle, but also die rate of 
evolution of spcacs, possibly through aberrations in the nuclear cycle’ 

Besides the ptendosperms conifers were represented by BunaJia, ParattoclaJis and 
H alien ella and DnJoxylon woods some of which might have belonged to 
Co rdai talcs 

The Equisetales were represented by spcacs of Schzcttetira, which had longer and 
fcroad-r leav es as compared with Catamites No true Catamites hav e been recorded from 
Gondwanaland. Ph}llotheca was another representatn c of die Equisetales It was a small 
plant with jointed stem and cup-like yvhorls of leaf-sheaths cut into short linear 
segn ents 

Only a few of the Penman fossil plants from Fndia, South Afhea, South America and 
Australia resemble those of the northern hemisphere Trees common to die floras of 
the northern hemisphere and Gondwanaland arc Lepxdodcndrcn Sigitlana, Psygmoph) lltitft, 
Sphat+philLi" i and Psaremus Strap-like leaves resembling diose of CorJaitcs, des- 
cribed as a spcacs of Kceggertx f-rpsu have also been desenbed from Gondwanaland. 
D-f'xjhn i rfJuun u the stem of a member of Corcbu tales, which shows well-marked 
annual rings. These stems have been recorded from India, Australia and South America 
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A PA LA EOS CAPE OF GONDWANALAND IN THE PERMO-CARBONIFEROUS, SHOWING CLUMPS 
OF GANGAMOPTERIS AND GLOSSOPTERIS WITH A GROVE OF CORDAITES TO THE RIGHT 
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Kusnetzk Flora of Angaraland 

Kusnetzk flora, named after Kusnetzk in. Sibena, had many peculiarities, and its plants 
differed in many aspects from the Permo-Carboniferous vegetation of North America 
and Europe. One of the most typical genera of the Kusnetzk flora is Calhptens, a pterido- 
spcrm With PsygtnophylUtm and conifers like Ullmanma, IVaklua, and Dicranophylhtnt, 
there also occurred plants allied to Gwlgo, like Gwkgoites, Phoentcopsis, and Czekmou site, 
together with plants characteristic of early Mesozoic like Podozanutes, Cladophlcbts and 
Batera Gondwanaland genera like Gatigamopterts also occur m Kusnetzk flora of Angara- 
land In fact the significant features of the Angaraland vegetation are the admixture of the 
Gondwanaland forms, and plants characteristic of the early Mesozoic flora The presence 
of forms like Gangmoptcns in Angaraland indicates that chains of islands must have 
existed in the Tethys Sea between Gondwanaland and Angaraland, which enabled some 
of the plants of Gondwanaland to migrate to Angaraland This has been confirmed by the 
work of Wadia in Kashmir and of Mushketov in north of Pamir plateau In eastern 
Farghana, between the meridians of 70° and 75°, Mushketov found evidence of many 
isolated dome-like elevations only 16 to 80 km apart, which represent die remnants of 
the archipelago of islands which served as stepping stones for Gondwana plants migrating 
to the north 

Advances in Plant Life 

The succession of diverse climatic conditions, the segregation of the late Palaeozoic 
flora into flonstic provinces geographically separated from one another by marine barriers 
and the impact of the local physiographtcal features resulted m the new kinds of plants 
with new adaptations Many changes had occurred before the Permian Period drew to a 
close The glory of the arborescent lycopods had departed, and Sigilhna and Lcptdodendrou 
had disappeared, and the same fate had overtaken SphenophyVum and numerous 
speaes of Catamites Ptendosperms afso dwindled and vigorous members of tius group, 
like Neuroptens, Atcthoptens and Mediillosa also failed to survive However, it is likely that 
some of the ptendosperms evolved mto the ancestors of the present day flowering plants, 
and in the modified form passed on mto the Mesozoic Era Climatic changes may 
have forced the pace of evolution, and perhaps as Wells and Huxley believe that it was 
the stress and pressure of increasing andity coupled with cold which forced some seed- 
bearing members of the Ghssoptcns plant-army on to the further pitch of dry land 
adaptation, which from the Tms onwards, embodied in the cycads and conifers, domi- 
nated the vegetable world Stndes m evolution towards angiospermy seem to have taken 
place in the Permian, although the actual birth of the vast group of angiosperms took 
place about a hundred million years later 
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With the dichotomous leases and the sporangiophonc trusses, Tnckopitys betero- 
merpha is considered the ancestor of the modem Gmlgo (fig 47) 

The ev oluoon of the modem conifer seed-cones consisting of spirally arranged bracts 
and o vuliferous scales from the late Palaeozoic conifer seed-scale complexes was a great 
step A seed-scale complex m the early conifer cones consisted of a bifurcate bract bearing 
m die axil several spirally arranged appendages, either all stcnlc but one ferule having an 
erect ovule as in Lebacl i a, or sc\ cral or all fertile, each bearing an erect ovule as in 
F.mcstiodcndren (PL *40). Erect ovules m Lebechia geoppert tana were borne on the inner 
side, probablj suggesting here a shift to flattening and bilateral symmetry, but die 
ovules in Frresttedendron and some speaes otlVakh tost rebus vv ere mv erted with die number 
of fertile scales reduced m the latter In Pseudoi okzta hbeatia, there were only five sterile 
scales, and three fertile scales each wadi an mv erted ovule. Gl)ptc!epis had cnl) two 
inverted ovules per seed-scale complex. All the five stcnlc scales in Ulbnantua were 
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fused to form a single scale, bearing a single fertile appendage with an inverted ovule — a 
situation, closely approaching the modem conifer seed-cones 

The disappearance of the forked nature of the bract, the reduction of the stcnlc scales 
to five and their ultimate fusion, die reduction of the fertile scales to one, and the inversion 
of the ovules arc the steps pointing to the evolution of die sced-scalc complexes of 
modem conifers from dial of their Permian ancestors 

ANIMAL LIFE 

Invertebrates 

The rise of land in the form of vast continental areas and succession of diverse 
climates m the Permian also affected ammal life The invertebrates suffered many changes 
Cystoids, tnlobitcs and euryptends almost became extinct. Philhpsm and Charop}gc 
were the only survivors of the once dominant tnlobitcs Foramimfcrs, abundant in the 
preceding period, were of common occurrence Declining trends in cnnoids resulted in 
their considerable diminution, though in Permian seas of Gondwanaiand dicy were 
plentiful Radiolanans, sponges and cchmoids continued to be present, though much 
reduced Besides the anaent Tetracoralla, which were still common, corals of die 
Hcxacoralla type made their first appearance Bracluopods and gastropods were 
common Ccphalopods became more complex The increasing trend m pclecypods 
resulted in dieir great numbers and species 3nd bryozoans became abundant Ostracods 
continued to be abundant Some of the Pcrmtan animal fossils from India and neigh- 
bouring countries are shown in Pi 41 

The veritable submarine forests at the bottom of the shallow seas were largely 
constituted by brachiopods and other fixed forms of life, such as Bryozoa together with a 
proportionately large pdecypod component There were several kinds of bracluopods, 
such as the orthid bradiiopods having shells with well developed teeth and sockets for the 
articulation of die valves (Entektes), the strophomentd brachiopods in which one vahe is 
distinctly concave (Productidac), those with prominent pointed beaks (Tcrcbratuhd-type) 
and die highly developed spire-bearing brachiopods (Spinfcrs) Many members of the 
Productidac were characterized by prominent radiating nbs and crossed wrinkles bearing 
numerous long hollow spines Of die two highly specialized forms, Rjchlhofema 
resembled more a horn coral than a brachtopod and from it arose lamclhbranchs of 
Hippuntidae group later, die other, Lepfobohis was also very much unlike any other 
brachiopoi Lyttoma and OWtatma were the other strange and aberrant forms The spire- 
bcanng brachiopods were very highly evolved of their class, with plications arranged in 
bundles, both on the fold and sinus. Thar shell structure and internal features w ere better 
organized as compared with the members of this class in the preceding geological periods 
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Amongst the cephalopoda the ammonoids showed a progressive increase of suturat 
complexity and vaned ornamentation 

The distant relatives of th- modem spike-tailed king crab, Limuhts, can be recognized 
m some Permian curyp tends 

Insects, which liad become fairl) abundant m the Carbomferous, were represented 
b) dragon-flies with a wing-spread of 70 cm, and cockroaches several centimetres long 
However, the higher t)pcs of insects, such as bees and butterflies had not appeared as 
jet. With the disappearance of swamps and lagoons, and humid forests, on!) those 
forms could go ahead which were more adapted to life on dr) land. 

Vertebrates 

Amphibians, which appeared m the late Devonian and were predominant in the 
Carbomferous, were represented by various genera, but could not march forward Many 
of them retreated to nvers and lagoons Most of them were broad and short-legged 
forms The stegoccpluhans also lingered on, till they perished on account of mounting 
cold and andit) 

Advances in Animal Life — The Rise of 
Reptiles and Birth of Mammals 

With the advent of dry condinons, a premium was set on the development of full 
adaptation to dr) land- As a result, the reptiles which developed a covering of thick sales 
to protect their bodies against the dangers of desiccation, had an advantage over slim) and 
thin-skinned amphibians The true reptiles m fact evolved from the creeping amphibians 
In Amphibia, the limbs act more as oars for propelling the body m the w'acer) medium and 
as such the) protrude sideways In reptiles, due to more efuaent use, limbs become pillar- 
like supports for the body. Another achievement of the reptiles was the elimination of 
tadpole stage from their lifc-cjdc and the development of the shelled egg Thus, die) 
became more independent of the ancestral water) environment The shelled egg gav c di- 
same benefit to animals as the ev olution of the seed to plants The shelled egg wadi nght 
packed ) oik. surrounded b) an extra b)er of food m the form of a layer of white, and 
amnionc fluid, all enclosed in a tough drought-resisting shell, conferred many advantages 
on their reptilian possessors The) could lay thareggs on land, unlike amphibians, who 
must lay theirs m w atcr Thus, the) dispersed their kind all over the surface of the dr) land 
Internal fertilization also became a neccssit) wnth shelled eggs, and dim love and courtship 
developed, for a female must be courted and won It was also an economy in die sense 
that few cr eggs need be produced. 
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Scaly covering of die body and shelled egg were die hall-marks of success of the 
rcpnics, which arose m die Permian Period and developed into various forms Genera, 
like Lwmosechs, had weak legs protruding at sides The most pnrmmc Permian reptiles 
were die cotjlosaurs Pi 42 show’s die rcstoranon of Seymotma, one of die most pnnutn c 
reptiles Pareiasatirus svas a heavy vegetarian form widi ptlkr-hkc legs Most remarkable 
were die pclycosaurs, the ship-lizards, wndi spme-Iikc grow dis on their backs, rigged in 
the form of a sail (Pi 43) These ship-lizards were represented b) forms, like Naosaums 
and Diaphosaums, some of which were 2 4 m. long, an some of these die bon) spikes of 
their sail-hke growths also had sido-spikes 

The most promising group of Permian reptiles were the dicnodonts the first verte- 
brates to develop teeth which could be classified into groups as in mammals, such as 
molars, canines, and incisors It is likely that smaller forms among diese w ere die ancestors 
of mammals 
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CHAPTER ELEVEN 

THE TRIAS SIC PERIOD 

The Age of Peendosperms and Conifers, Dinosaurs and Theromorphs 


After the close of the Palaeozoic Era commenced the Mesozoic — an era of transition 
between the Palaeozoic and the Cenozoic which continued for about 120,000,000 years 
A large part of eastern India from the Rajmahai hills m Bihar through Damuda, Mahanadi 
and Godavari \ alleys to the neighbourhood of Madras, the Sarpura hills, Kathiawar and 
Kutch m the west, and Madhya Pradesh and the Deccan were formed in this era 
Marine deposits were laid m the north-west India in present day Spin, Garhwal Kumaon 
and Kashmir, m the Salt Range and Baluchistan areas of Pakistan, and in Burma 
Besides, several marine transgressions, some of them affecting the heart of the p-mnsula, 
and volcanic eruptions took place in the later part of this era which find no parallel 
m the modem world. Life was of an intermediate character Palaeozoic forms gradually 
declined and became extinct while several new forms emerged, showing more kinship 
with the modem ones 

Of the three sub-divisions of the Mesozoic Era, viz Tnassic, Jurassic and Cretaceous, 
the Tnassic, lasting for about 40 million years, ended about 140 million years ago The 
Tnassic Penod denv cs its name from the three-fold dev elopment of rocks of this period, 
namely the Buntcr, the Muscliclkalk and the Kcupct which were first studied m the 
Alps All important divisions of the Tnassic system are represented by marine strata in 
central and southern Europe 

In India, the three well marked sub-divisions of the Tnassic Penod arc recognizable 
tn the 900 m. thick deposits in Spin, Garhwal, Kumaon (Pi 44) and Kashmir, where 
this enormous development of the Tnassic system is continuous with the Palaeozoic 
deposits as m other parts of the world The Tnassic rocks occur along the enure northern 
boundary of the Himalayas commuting the great scarps of the plateau of Tibet At 
lalang in Spitz, a complete section is exposed showing a succession from the Permian to 
the Jurassic rocks. These marine rocks mostly comprise v anegated shales, slates, limestones, 
dolomites, calcareous shales and the red sandstones intercalated with layers of rock salt, 
gvpsum, alabas'er and partly coloured sands or clays 

The terrestrial rocks of this penod are found tn the Sarpura and Godavan regions, 
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and comprise massive red and yellow coarse sandstones, conglomerates, gnts and shales, 
without any carbonaceous matter. They are typically developed in Pachmarlu and 
Mahadeo hills m Satpura range where they are 900 to 2-100 m duck The Panchet 
Senes of rocks are made up of fine red clays and coarse micaceous sandstones and are 
about 450 m thick On top of the Mahadeo Senes arc die Malcn Senes of rocks, 
winch are restricted to Satpura and Godavari regions The successional order in which 
these rocks are known comprises Panchet Series, Mahadeo Senes and Malcn Senes 

Tnassic rocks in other parts of the world are made up of marine deposits, salt beds, 
red beds, gypsum, limestones, sandstones, gravels, cla)s and volcanic deposits Coal 
deposits of upper Tnassic occur in Austna, Virginia and New Carolina m USA, and 
in some other places 

Palaeogeography 

Although soil girdling the world, the Tethys Sea had considerably receded. ft 
temporarily withdrew from die Salt Range after the middle Tnassic and an effective 
bamer existed between the seas of Kashmir and Spin during the upper Tnassic. This 
barner interrupted the free movement of species between the two areas The occurrence 
of foreign limestone blocks allied to the Tnas of the eastern Alps, mixed up with blocks 
of foreign Permian to Cretaceoushmestones.m the Tibetan border of Kumaon is believed 
to be due either to shattering by explosive volcanic acoon and transport by lava flows 
or to an overthrust sheet from a northern region, detached by denudation into isolated 
masses 

A broad sea, however, existed in southern Europe where enormous masses of lime- 
stone made up of corals and calcareous marine algae are found. A marine invasion in 
North America spread over the region now occupied by the Rocky Mountains (Fig 48). 
The great basic volcanoes were active in the eastern part of North America and a great 
deal of lava was poured out into a large s)7icline. Sandy plains studded with salt lakes 
emerged as a result of the gradual uplift. 

The desiccation which started in the Permian reached its maximum during the 
Tnassic. Large deposits of salt and gypsum and extensive areas of red beds reveal wide- 
spread andit) of climate Owing to lughcr evaporation than precipitation, the inland 
seas were heavily laden with salts and a warm climate prevailed m the northern continent. 
The presence of corals and marine algae also suggests the occurrence of a warmer 
climate m the northern continent Fossil evidences suggest that the water of die Arctic 
Sea was cooler than that oflower latitudes The climate in die Gondwanaland is bekev cd 
to have been dry and temperate Coal deposits m some pares of the world such as lower 
Austria, and Virgmia and North Carolina, suggest die prevalence of a favourable chraatc. 
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FLA NT LIFE 

The early Triassic plant hfe was more closely linked with tint of the late Palaeozoic, 
although in contrast to now wholly extinct forms of life in the late Palaeozoic, it largely 
consisted of such forms in which the precursors of more familiar and modem forms be- 
come recognizable. The preliminary steps towards modernization, how ever, commenced 
towards the close of the Palaeozoic. Similarly, possible ancestors of the present day 
mammals were the predominant animals in the Triassic fauna. Fig. 49 gives a Triassic 
landscape showing the dominant plants and animals. 

Liverworts and Mosses 

A small dichotomously brandling thallus, Ricciopsis flerinii, showing a rosette-JtLe 
growth, is known from the upper Triassic coal mines of Shromberga, Sw'cdcn. The 
mosses were represented by Na isJita hweebta. The un branched small plants bore spirally 
arranged lanceolate leaves, less than 5 mm long. Besides gemmae, archcgonia have also 
been found. The sporophjtc had a short bulbous foot and a globose sporogonium 
whidi produced lens-shaped spores. Leaves were without midrib, rhizoids were 
unicellular and there w*as one-layered venter in the archegonium. The stems v. ere without 
differentiation into tissues. 
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Ly copods 

The low growing herbaceous lycopocls of the Tmssic, Schgwelhtes and Lyeopadites 
resembled modem Selagmella and Lycopodium SelagtneUites polarts from the Tnassic of 
Greenland bore cones upto7 mm in diameter The megasponmgia contained many 
megaspores which were much larger than the microspores Dimorphic foliage is known 
in Selagmelhtes halite from the Rhaetic of Scania, Sweden The coney were comparatively 
smaller than in S polarts , with only four megaspores in each megasporangium. 

The arboreal lycopods were represented by Pleuromias which were somewhat 
similar in habit to that of Palaeozoic Sigillanas The stems were unbranched and about 
2 m high and upto 9 cm thick The leaves, about 11 cm long and 1 5 cm broad were 
Ugulate, with a broadly flaring base, and were loosely arranged on the stem Two vascular 
bundles traversed the leaf The root system was four-lobed and raised upward The stem 
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terminated m a cone and the plants V ere hetcrosporous The sporangia u ere abixulK 
attached. 

Articulates 

The v ast group of die Palaeozoic articulates was very scantily represented m the 
Tmssic Equisctaceac was represented by the genus Equisetites, which m many rcsp**cts 
is closely related to modem Eqtisetum except for the large sire XT plot) cion had a 
diameter of 6 cm Calamitaccac had become extinct, but some Sphenophy hales did 
exist m the early Tnassic Sclttzoneura and Pltyllolhcca extended from the Palaeozoic 
to the Tnassic 

Ferns 

Some members of Palaeozoic Marattiaccac such as the genus Asterotheco extended into 
the Tnassic. A ntenatu from the Tnassic of Limz, Austria, was scry much similar in 
habit to the Carboniferous plants Marattwpsis hoerensis from the Rhactic of Greenland, 
is closely comparable with some modem species of Marattn 

Gleichcniaceac was represented by Gleuhetutes and Mertetwtes Matomaccac was 
represented by Phleboptens and Matontitim The fronds in both were large and resembled 
those of modem Matoma Both Glachemtes and MitcruJium were of rare occurrence 
Diptendaceac was another family with large fronds Clathroptens memscoties from the 
Rhactic of Greenland had a blade about 35 cm in breadth with 10 or 12 divisions and 
net venation made up of large rectangular meshes Osmundaccae was represented by 
Chifcphlebis and ToJttes 

Ptcrldospcrmj 

Coryjtospcrmaceae and Pehaspermaceae the two families of this vast Palaeozoic 
group arc known from the Tnassic Leaf impressions like TlunnfelJia and D era it um 
axe also believed to belong to this ahlvau^jb. evidences axe Uckmc, The peaces 

Gl ssop ens, Pecopiens and C) clop tens extended from the Palaeozoic into the Tnassic 

The vegetative and ferule remains compnstng the Corystospcrmaccac are exclusively 
known from Natal South Afnea Their close assonation and similamy in cuocular 
structure justify their assemblage in tius family The foliage is believed to have been 
represented by DaotJtum, Stenoptens and Thmnfeti a The pollen bearing organs 
Plena! us af near us consisted of didioromously divided branch system with each branch 
terminating in circular or elliptical lamina which bore sporangia on the enure under* 
surface and produced winged pollen The female mfructescence, Umlctnista multanu 
bo'e lateral branches m one plane, ui the axils of bracts each b*anch having a pair of 
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small scale-bkc structures and several terminal one-seeded, bivalved and hdmcr-sliapcd 
cupulcs. In Pifopfiorojprrnj immufotiim, the micropjlc, curved and bifid at the up, pro- 
jected from the cupolc which was lined with hairs. The brandies were spirally arranged 
an Spematoccihn. 

Zuhra zuhri was another distinctive member of this group, known from Argentina. 
In it, the sterile fronds divided didiotomously and the pinnules were like those of 
OienJeptms. The dichotomously brandicd male fructificanon had stalked appendages 
on which sporangia were attached at right angles. The cupulate organs were somewhat 
like those of L/mlurmintf (fig. 50). 

Pcltaspemuccae, another family of Tmssic ptendosperms, is known from the 
Rlnetjc of Greenland and the late Tnainc of Natal. It had long fem-hhe fronds referred 
to the genus Lepicfyrrru, of whidi L. natafensts is from Natal and L. cuoms from east 
Greenland. The bipinnatc frond had small bhstcr-hkc swellings on the rachis Ic closely 
resembles the Palaeozoic Calhptcnt. The microiporangia were borne in pain on the 
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ultimate branches of a pinnate!) branching structure their mode of dehiscence was 
longitudinal The branching tvas three-dimensional The seeds attached on the und r- 
surfacc of a peltate cupulc disc, were osal, with cun cd micropjlar beaks 

Cycndcoids (Bcnncttitalcs) 

IVitlandittia enqastifoUa from the late Trossic of Scania Sweden, was a delicate!) 
branching plant The apical grow th was terminated b) a fructification tlic central axis 
of which bore several ovulifcrous scales and small seeds The stem is belies ed to have 
borne about S cm long leases called Anemozamites miner which enclosed the fructifica- 
tion b) their ssnnged petioles and bracts (fig 51 2) 

In Stunclla lan^crt, a small and delicate plant from the Tnasstc of Lunz, Austria, the 
axis was about 4 cm long and the slender lateral branches terminated m fructifications 
looking like small heads of a sunflosser The central part of die fructificauon ss'as 
ovulate, surrounded by 25-30 ra) -like lobes, each bearing a sporangium or coalesced 
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sporangia attached to the inner edge at the base of each ray Several leaves of 
Otozamtes and Anomzamttcs have also been found. The genus Pterophyllum was a 
common constituent of the bennetnulean plant life of this penod 

Cycads 

A late Tnassic genus, Cycadospadix, shows a dose resemblance to the megasporophyll 
of Cyras hut the epidermis is bennetutalean No seeds have been found attached Perhaps it 
was a bract of a bennettitalean inflorescence But Palacocycas from the Rliaetac of 
Sweden, had epidermis, like that of Cyca dales It is very much like Cycadospadtx but for 
the broad entire-margmed apex Seeds were perhaps borne on lateral projections of 
the slender stalk The fructifications, comprising spirally arranged megasporophylls 
(Palacocycas), xvcrc borne on straight, columnar and unbranched trunks, about 3 m 
high, called Bjuvta simplex, terminating at the top in a crown of Taemopieris leaves 

Cordaitcs 

The only survivor of this dominant Palaeozoic group, Noeggerathwpsis (Cordmtes) 
Inslopi, existed in tbe lower Tnassic of Gondwan aland 

Ginhgocs 

Both the genera, Gtnl.goiles and Bairn, were well represented during the Tnassic. 
Leaves referred to the genus Ghtkgoites are wedge-shaped or broadly obcuncate with a 
notch or divided into lobes of equal size, but in Baiera and allied genera, the lamina is 
cut into narrow slender segments The leaves in G Innzensis were borne on short shoots. 
Sphctiohasera furcata, which extended from the lower Permian to lower Cretaceous, had 
many characters m common with the lower Permian Tuchopitys heteromorpha, except 
that the leaves were arranged on short as well as long shoots The nucrosporangiate 
sxrgasss swera* iarmae xw jsbw xhoevts Xhr spcvanspi were deposed an clusters of three to 
five on the bifurcated branches arising from die central axis (Fag 52,6-9) 

Conifers 

The genus Glyptofcpis of Permian extended into the Tnassic. The bracts were not 
dichotomous and the seed-scale complex consisted of five or six sterile scales each bearing 
two megasporophylls with an in\ erted ovule In Voltzt apsis from East Africa, die seed- 
scale complex had two-forked bracts fi\c to six pardy fused scales, and fnc stalked 
megasporophylls each bearing one erect terminal ovule. It showed characters of die seed- 
scale complex ofLebachia of Palaeozoic The lower Tnassic Voltzta had unforked bracts 
and five equal stenle scales fused with die stalk-Uke megasporophylls The upper Tnassic 
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Sctnzolepis was \ ety much like Vohzta hut had three sterile scales and three mega- 
sporoph) lb united in their basal parts The upper Tmssic Cyeoioasrpidum bore seed- 
scale complexes m the axils of large, parallels cmed bracts each with two distal sterile 
scales and two basal megasporoph) 11s with an inverted ovule in each 

Pahssja and Stoehyotuxus were unique conifers In Palissya the seed-scale complexes 
were borne in the axils of entire bracts and not completely united with diem There 
were about ten megasporophylls, each carrying one terminal inverted ovule surroun- 
ded by a cup-shaped arth StachjctaxushiA onl) two megasporoph) lb to each bract. The 
terminal and slightly inverted ovule was jurrounded b) free aril 

Fossil woods showing araucanan pitting and those comparable to C ednts[Cedroxyhn) 
were die other conifers in Tnassic. IVoodurcrthta anzomca , although araucanan m ana- 
tom), lud persistent short shoots as in Abictmcac 

Taxads 

The upper Trussic Palaeetaxus consisted of a short, radially symmetncal, lateral 
shoot. It bore spirall) arranged stcnlc scales and termmated in an atropous, erect ovule 
or seed env eloped m an anl and surrounded b) the uppermost scales 

Besides the gymnosperms described above, there vv ere some other forms of plant 
hfc which are difficult to assign to an) known natural orders The genus Rhexcvylon 
with diree speaes afneanttm, tetrapteroides and pnestlep, the first from Antarctica and die 
others from South Africa, comprised trunk fragments upto 3 m. long and 5 0-163 cm 
m diameter The large parenchymatous pith was surrounded b> a ring of small steles The 
wood was typicall) coniferous in character RhcvcrjJcn was perhaps ltana-hke inhabit. 

The upper Truss c Hydroptendangium mam It aides Halle fromBjuf Sweden now 
transferred to die genus Harrow consisted of a long axis bearing lateral branches in all 
planes each of which divided in a three-dimensional pattern and bore two-van cd 
capsules Sev cn elongate sporangu w ere present on the mnei; surface of each valve 
The microjporcs were winged Assocutedwith these occurred fronds of Ptthzantites 
which had cuticular similarities with H) droptendangium 

Angiospcmu 

Tlie Trussic plant fosub also mclude some forms which look like angiospenm 
The fruits Fraxmopsu major and F muter from the Rhaetic of south-west Mendoza* 
Argentina have been compared with those of Ash. FureuU gronultfer from the Rhactic 
of Greenland looks like a dicot)Iedonous leaf Scnmtgueha letnstt from die Tnauic of 
Colorado u like a palm leaf (Fig 51 1) 

Some of the Tnauic fossils of Glossoptcns flora arc given in Rg 52. 
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Fxc 52. Some of the Tkiassc fossis of ttb Giossomsn itora. I, Sdiltonturt jprvlwantnsb, 2 & 3, Glostcftrrii »p : 
2, a leaf, 3. a portion of the leaf enlarged to show venation 4, Sphenophyllum sptctisum, 5, Phjtkthcca tihcnJftl, 6 A 7, 
CfeJ^oiter lunzcnds 6, a short shoot with leaves, 7, stoma, 8 & 9, SphenobuerafuncU 8, a long shoot with leaves. 9, a 
portion of short shoot with fragmentary microsporophyH (1, after Feutmantel, 4, from a I pea men m the Dntuh Natural 
History Museum , 5, after Sahsena , 6-9, after Krausel) 


Advances in Plant Life 

The plant life during the Triassic had considerably changed from that of Pemuan. 
The vast group of articulates had been reduced to a few genera. Rjwsetiles, PhyllotJifca 
and Schizoncura continued from the Palaeozoic. Equtschtes was more like modem Efiilsdunt, 
though still larger in diameter. The arboreal lycopods had been replaced by the herbaceous 
forms, which were not very different from modem Selagmella and Lycopodium, But 
Plcuroinias still emulated the habit of Palaeozoic Sigtllarias. The large population of 
Palaeozoic ferns was considerably reduced, Maratriaceae and Glcicheniaceae n ere rare, 
and Diprcridaceae and Matoniaceac were also not so common. This must have 
happened in response to arid climate in the Triassic, Asterotheca, however, did pass over 
to the Triassic from the Palaeozoic. The Triassic ferns also showed much modernization. 
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Pteridospcrms, a dominant group in the Palaeozoic, were commonly represented; 
some, like members of Glossoptcridcac, continued from the Palaeozoic, but others were 
new. TheTriassic pteridospenns liad no close correlation with those of the Carboniferous. 
Clear homolog)', however, can be seen between die helmet-shaped organs of die 
Corystospermaceac with the cupulcs of Palaeozoic pteridosperms; even die male organs 
seem to be similar in plan to those of Crossoihcca , but the seed-bearing appendages in 
Pdtaspcrmaceae record a striking departure from this group. 

A new group that emerged during the Triassicwas Bcnnctti talcs, the representa- 
tives of which were delicate and had characteristic fructifications. The seeds were 
aggregated, along with sterile scales, into a head. The Cycadean foliage had been known 
earlier, but forms approacliing the modem eycads appeared in the Triassic. 

Differentiation into short and long shoots in the Ginkgoalcs became more eviden 
during the Triassic. The evolution of this vast group from the Permian Trkhcpitys ex- 
tended into the Triassic Sphenobalera. 

The evolution in the seed-scale complexes of conifers showed further strides. 
Glyplolepis showed reduction in the number of mcgasporophylls, and the bracts became 
entire, although Ltbachia-tikc seed-scale complexes still existed, as in Vcltziopsis, in which 
partial fusion of the sterile scales had been achieved. The fusion of the stalks of mega- 
sporophylls with the sterile scale was achieved in Volizia. The reduction of sterile scales 
and mcgasporophylls from five to three is seen in Srfuzolepis and to two in CycaJocjrpiJiuin. 

Amongst the interesting new conifers in the Triassic may be mentioned PalUtya 
and SUchyotaxus. In the organization of flowers they arc different from other conifers. 
In having almost completely fertile flowers, Palissya seems to retain the characters of 
EmestioJcmlron rather than those of Lebaehia. In the reduction of mcgasporophylls, 
Stachyctaxus is more advanced over Palissya. 

The reduction of the female inflorescence from an aggregation of flowers to a solitary 
flower in gymnosperms, was also achieved during the Triassic, as is evidenced by the 
gmus PjjkteJAxus in which the .solitary flowers occur in the axils of other foliage leaves 
or scale-like leaves on long shoots. This gave rise to a new group of gymnosperms, die 
taxads. 

Rhexcxyfon and Hydfopterithngium, the strange gymnosperms, were perhaps of 
transitional nature. Rjiexoxylon had characters of Medullosac and conifers, and of some 
modem angiospermous lianas, such as Tetrapieris, Banisteria and tt'ilbrarsJia. HyJrfi- 
pJfnUsnpiim lud charactcn in common with Mamie j, cycads and conifers. Although 
clearly gymnosperms, they were perhaps aberrant forms of the Triassic plant life. 

There was perhaps a sprinkling of angiosperms too during the Triassic. if SantrJgut f»‘a 
lewisti from the Triassic of Colorado is really a palm. Furcula granu lifer may also be 
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suggestive of that, if proved to be an angiospenn The same may be said about 
Fraxtnopsts 


ANIMAL LIFE 

Like plant life, animal life during the Tnassic was also varied and cotisisted of man) 
new forms Several groups of animal kingdom continued into the Tnassic from the 
Palaeozoic, but most of them lacked archaic characters 

Invertebrates 

Fora mini fen and radiolanans were present Sponges were also present and were much 
diversified The modem types of corals which began very late in the Palaeozoic became 
quite abundant, especially hexacoralla The Palaeozoic tetracoralla became extinct 

All the important sub-divisions of echinoderms were present. The stone lilies (the 
stalked forms) exhibited a more modem aspect The asterozoans had already become 
distinctly modern Echmoids, the sea lilies, w ere well represented. Bryozoans were present 
but brachiopods decreased considerably in the number of species and individuals, and 
those with curved hinge-lines increased over those with straight hinge-lines 

Molluscs on the whole were a dominant group of animals Amongst them the 
pclecypods were mostly modem in aspect. Gastropods also became common and showed 
the same trend towards modernization The Tr^assic fauna of the Himalayas is particularly 
nch in number and variety of ccphalopod fossils According to Wadia, it forms the 
richest and most widely spread foisil horizon m the central and north-western Himalayas 
The most typical fossils belong to genus Ceratites and ammonites belonging to the genera 
Nfliifdrts, Xeuaspts and Orthoceras The Sahgram stones are fossils of ammonites, and are 
brought to Hardwar by Sadhus from Byans and Johor in Kunnon The sutures between 
the chambers of Tnassic ammonites had become very complex, as compared with simple 
partitions of the shells of Palaeozoic ammonites In fact, the presence of ammonite shells 
with complex sutures, is taken as an index of the age of rocks, when such fossils are dis- 
covered it indicates that the rock m question is Mesozoic rather than Palaeozoic Bivalves 
are represented by DuoueUa and Ualobta There is great resemblance between the 
cephalopod fossils of the Trussic rocks of the Himalayas and Alps and many species arc 
common This is explained by the fact that both these areas were washed by the waters 
of the Tethys Sea which also provided a free channel of migration for the manne 
animals from the eastern coast of China to the Mediterranean shores of France. 

Amongst the cephalopods, the straight-shelled naunloids became extinct during die 
Tnassic, but the coiled forms increased as compared to die late Palaeozoic The ammonites 
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developed much greater complexity of shell structure. Forms like Palaeozoic Gent^Ufa, 
were still present. Forms with slightly serrated sutures or partition structures, like Cerates, 
M etloccras lomnclianum Waag Otoceras chi a Dicn, Opfcsccras whmfah D m ai d 
Ptyxhitcs cognctus Oppcl appeared in this period. Later, the most complex-chambered 
ccphalopod, UhynchoticHa tnneJost Bittn appeared before the close of the Trnssic. The 
highest of all the molluscs, the dibranchs including modem cuttlefishes also appeared 
during tlus period. The conical Bderr.mtfs was set) similar to modem cuttlefish 

Tnlobitcs amongst the crustaceans, an important group of animals dunng the Palaeo- 
zoic, became extinct before the beginning of the Mesozoic. The decapods appeared in 
the Trnssic. The) were long-tailed animals Insects sshich were common sscre mostl) of 
the simpler forms and beetles became abundant. 

Some of the Trusstc animal fossils from India and neighbouring countries are shown 
in PL 45 

Vertebrates 

Fishes sscre as abundant as in the late Palaeozoic and the) included selachians, 
dipnoans and ganoids 

Large foot-pnnts of extinct amphibians arc occasional!) seen on Trnssic sediments 
These are die tracks of animals, who walked o\er the soft sand) soils bordering the salt 
lakes In man) cases these extinct animals did not lease an) bones, and footprints arc 
the onl) records Fossils of large amphibians, some of them ncarl) 3 m long, ssith 
skulls 75 cm long and 45 cm broad have been found in the Rocky Mountains 
of Amcnca These amphibians w ere unprotected on the back, though heavil) armoured 
on the s cntral side The) w ere slow moving clunis) creatures and fell an easy prej to more 
agile camnorous reptiles. 

Stegocephalan lab)nndiodonts belonging to the genera Gottwglyptus and Pitch) £ nut 
luve been discos ered from Panchct Senes of rocks of middle Gondwanas, and Brack) ops 
from the Mahadeo Senes. 

Reptiles. Repnhan life, like the plant life of the middle Gondw anas docs not show 
the same disersit) and abundance as that of the corrcspondmg Tnassic Period of America 
and Europe The onl) reptiles recorded from Panchct ScncsareDiqTWenand/’Jyr/em&wtf 
and the dinosaur, £p',ccn pc&«n From the Malcn Senes, crocoddean forms, Be Wen 
and pjrasucl us, and a giant lizard, Hypacdjpedi n, sshich are identical ssith those of the 
Trnssic of Europe, has e been discos cred. It w as probabl) due to the cold climate of 
Gondwanaland that reptiles, sshich are mostl) svarmth-lovmg animals, did not flourish 
to the same extent as m the Northern Con uncut. 




Courtesy CS1, Calcutta 

SOME TRIASSIC ANIMAL FOSSILS FROM INDrA AND NEIGHBOURING COUNTRIES 

1, Rfiyitthotrtlfa JrmoJijsi Bictn , 2, Djtwlfa Wimr/i Wusni , 3 Jlfiiuofu safintfru Schloth , 4, PsetrJonmiMis yririf ad I 
Bittn , 5, Crfci/M hcatus Wiap 6 Ccttmici u ynuri Waag ,7, ,8 Otoctraschtet Dicn 

9, Op htttras ialnrii<j|j Di<m . 10, 5iI'iri/«pra6fi-IaDicn. II, Piyclntcsimrnahis Oppc! 12, XenoJiscus lamaUymus Gncib 
(1-2, Braduopoda, 3-4, Latndlibnnduata, 5-12, Ccplufopodi) 
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Fossil remains of crocodile-like reptiles have been recovered from the middle Tnassic 
red beds of the Rocky Mountains of America Tracks of dinosaurs have been discovered in 
large numbers from sandstones of Connecticut valley. Some of the sandstones are covered 
with three-toed tracks of bipedal animals, which were first mistaken for bird tracks. 
The Tnassic dinosaurs varied in size from a sheep to a hone Some were bipedal, walhtng 
on well developed bind legs, with forelegs reduced to a small size, dragging a heav} tad 
behind, and were agile jumpers like kangaroos The dinosaurs branched out into many 
types, large and small, slow and ponderous, active and agile, and vegetanans and beasts 
of prey. 

Some land animals like ichthyosaurs re-mvaded the sea, they are called “secondary 
aquatics". On account of land life which their ancestors led, they had stronger and more 
agile bodies, a tough and drought-resistant skin, greater power of self-regulation, and 
more efficient protection for young ones With these advantages, the “secondary aquatics’* 
who had returned to the sea, beat the animals who had never left the ancestral waters 
Ichthyosaurs of the Tnassic, however, had fewer teeth, normal five fingers in the 
flippers and less powerful tails as compared to their Jurassic successors 

Theromorphs— the connecting link between reptiles and mammals. The most 
remarkable reptiles of the Tnassic were theromorphs, or mammal-shaped reptiles The 
theromorphan reptiles included among others, Parctasaurus, a slow moving creature with 
a clumsy appearance, and thenodonts or reptiles with mammal-likc teeth, c g Cynognathus 
Pareiasaurus, which has been collected from the Karoos of South Africa, was vegetanan 
with ptUar-hke legs supporting the body, and was one of the earliest vertebrates to raise 
its belly off the ground Locomotion with belly lifted off the ground, was one of the 
major achievements of theromorphs as compared to creeping and wnggling movements 
of reptiles Another advance which the theromorplis show is the differentiation of the 
teeth into different groups, incisors, canines and molars, each with a characteristic shape 
and function, as in mammals 

One of the major differences between reptiles and mammals is that in mammals 
the lower jaw consists of a single bone on either side, whereas in reptiles it consists of 
several bones joined together What happened to the extra bones of the lower jaw in the 
process of evolution from the reptilian to the mammalian lower jaw ? The bones of the 
middle car in mammals, die 'hammer and 'anvil’, correspond to the two bones which 
w reptiles make the hinge-joint of the upper with the lower jaw. In the early develop- 
ment of mammals, these bones arc actually nipped off from these very regions of the 
deveiopingjaw This process is seen m an evolutionary sequence in theromorphs, while 
in the early forms die lower jaw resembles that of reptiles, in the intermediate fonns we 
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Fossil remains of crocodile-hke reptiles have been recovered from the middle Tnassic 
red beds of the Rocky Mountains of America Tracks of dinosaurs have been discovered in 
large numbers from sandstones of Connecticut valley. Some of the sandstones are covered 
with three-toed tracks of bipedal animals, which were first mistaken for bird tracks. 
The Tnassic dinosaurs varied in size from a sheep to a horse Some were bipedal, walking 
on well developed hind legs, with forelegs reduced to a small size, dragging a heavy tad 
behind, and were agile jumpers like kangaroos The dinosaurs branched out mto many 
types, large and small, slow and ponderous, active and agile, and vegetarians and beasts 
of prey. 

Some land animals like ichthyosaurs re-mvaded the sea, they are called “secondary 
aquatics". On account of land bfe which their ancestors led, they had stronger and more 
agile bodies, a tough and drought-resistant skin, greater power of sel£regulation, and 
more efficient protection for young ones "With these advantages, the “secondary aquatics” 
who had returned to the sea, beat the animals who had never left the ancestral waters 
Ichthyosaurs of the Tnassic, however, had fewer teeth, normal five fingers in the 
flippers and less powerful tails as compared to their Jurassic successors 

Thcromorphs — the connecting link between reptiles and mammals. The most 
remarkable reptiles of the Tnassic were thcromorphs, or mammal-shaped reptiles The 
theromorphan reptiles included among others, Paretasaurus, a slow moving creature with 
a clumsy appearance, and thenodonts or reptiles with mammal-hke teeth, e g Cynognathus 
Pareiasaimis, which has been collected from the Karoos of South Africa, was vegetanan 
with pillar-like legs supporting the body, and was one of the earliest vertebrates to raise 
its belly off the ground Locomotion with belly lifted off the ground, was one of the 
major achievements of theromorphs as compared to creeping and wngglmg movements 
of reptiles Another advance which the theromorphs show is the differentiation of die 
teeth, into different groups, incisors, canines and molars, each with a characteristic shape 
and function, as in mammals 

One of the major differences between reptiles and mammals is that in mammals 
the lower jaw consists of a smgle bone on either side, whereas m reptiles it consists of 
several bones joined together "What happened to the extra bones of the lower jaw in die 
process of evolution from the reptilian to the mammalian lower jaw * Hie bones of the 
middle ear in mammals, the ‘hammer’ and ‘anvil’, correspond to the two bones which 
in reptiles make the hinge-joint of the upper with the lower jaw In die early develop- 
ment of mammals, these bones are actually nipped off from these very regions of the 
developing jaw. This process is seen in an evolutionary sequence m theromorphs, while 
m the early forms the lower jaw resembles that of reptiles, in the intermediate forms we 
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and estuarine and marine molluscs, including ammonites The outcrops near the town of 
Rajahnumdn arc composed of littoral sandstone, gra\cl and conglomerate with a 
few shale beds containing marine lamcllibranchs and ammonites Intercalated with these 
arc beds containing impressions of the leaves of cycads and conifers Another outcrop of 
the same rocks is found on the south of the Krishna, near the town of Ongolc A tlurd 
group of these rocks occurs near Madras, and a fourth on the Mahanadi delta at Cuttack 
The Jurassic sandstones of the Mahanadi have furnished material for many buildings 
and temples including the well-known temples of Konarak and Jagannath at Pun On 
weathering, the Gondwana rocks yield a sandy shallow soil of poor quality 

In Rajasthan, the Jurassic rocks are largely concealed below the sands of die Thar 
desert and only a few patches arc exposed in southern area and in Jaisalmer and Bikaner 
Hie Kutch Jurassic rocks are very nch in fossil cephalopods, many of which show 
a relationship widi those of Malagas)' (Madagascar) 

Extensive marine and continental deposits occur in Europe and America Jurassic 
red beds with gypsum occur on the Colorado plateau Volcanoes were active in the early 
Jurassic from southern Alaska down to California On the whole, the Jurassic was a period 
of stability However, mountain building took place in North America — the Nevadan 
Revolution, which continued until the close of the Jurassic, and gave birth to the Sierra 
Nevada mountains 

Palac ogeography 

During die Jurassic, considerable changes took place in the configuration of the con- 
tinents The Gondwanaland separated into two land masses, the western and the eastern 
Modern Africa and South America constituted the western land mass, whereas die eastern 
land mass comprised Madagascar, peninsular India, lower Burma, Malayan Peninsula, 
Indonesian Islands, New Guinea and Australia The Tcthys Sea separating India from 
Angaraland liad considcrabl) receded (Fig 53) Large freshwater lakes existed in peninsu- 
lar India connected with the drainage of the surrounding country. After regional uplift: 
about tins period, the drainage in die Godavan and Mahanadi valle) s earned the waters 
of the lakes into die sea which existed over the region now called die Bay of Bengal. 

Towards the latejurassic, marine invasion affected a large part of Rajasthan and Kutclu 
A marine transgression also occurred on the east coast of die peninsular India, winch 
resulted m the upper Gondwana deposits of the east coast between Visakliapatnam and 
Thanjavur along the Coromandel coast 

Outside India, much of Europe was submerged during the middle to the close of 
this period, and the sea spread over Spam, France, Italy, Germany, the Balkans and Britain 
Hardly any extensive marine transgression affected the Angaraland In North America die 
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sec the detachment of the two lunge bones, -which grow smaller and smaller, till we find 
them converted mto ear ossicles 

While the theromorphs had a number of mammalian characters, they retained 
many repul un features, c g the pm cal foramen, a small hole on the top of the head, below 
v. luch the third cj e has been transformed into the pineal gland 

Advances in Animal Life 

From the evolunonar) view point, the Tnassic saw the extinction of some charac- 
teristic Palaeozoic life forms, such as the Tctracoralla tjpc of corals, the straight-shelled 
nautiloids, the tnlobitcs, the cystoids, the blastoids and die euryptends The groups 
winch continued from the Palaeozoic vv ere represented bj different genera, although a few 
Palaeozoic genera too passed over into the Tmsstc Several new groups emerged such as 
the lobsters, reptiles of various lands, and the primitive mammals Corals and molluscs 
became abundant, but brachiopods and amphibians decreased considerably m species as 
well as m numbers The animal life was now dominated by the repn'es. The Tnassic 
fauna also exhibits much more complexity of forms, as m the complcx-diambered cepha- 
lopoda and m other higher forms of animal life Besides these qualitative and quantitative 
changes m the animal Life, modernization is exJubited b) most animals, as m stone lilies, 
asterozoans, the pclccypods, gastropods, and cuttlefishes It is, however, interesting to 
note diat some of the groups which made their first appearance during this period and 
later attained considerable development were th- cchinoids, crustaceans, and primitive 
mammals 

Origin of mammals Thenodonts, which have been discovered from the Trussic 
rocks of South Africa, arc synthetic t) pcs, combining the characters of reptiles and mamm- 
als It is possible that the mammals originated from some of the smaller thenodonts m 
the Penman The South Afnean part of Gondwanaland is possibly the place of ongm of 
mammals Theglacuuon of Gondwanaland tn the Permian, coupled with andit), provided 
a stimulus to bodily activity, and it is thus that warm-blooded primitive mammals arose 
from thcnodotit forms which were half reptiles and half mammals Thne thenodonts 
had alread) started walking with the body supported b) feet, and increasing andit) 
provided the stimulus to speed and a emit) In a cold climate, heat retention was just as 
important as warm-blood'dness, and it is thus that the hair) coat of the mammals deve- 
loped to provide protection against die cold of Gondwanaland According to Lull, Trussic 
was die culmination of the process of emergence of mammals, foe apirt from thenodonts, 
actual fossils of mammals has c also been found These earl) mammals vv ere small in size, 
noton the average exceeding die size of a rat The Allothena or Muln tuber culata are 
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among the oldest mammals, and their skulls, and tuberculate molars and cusped ptemo- 
lars, have been discovered from South Africa, Europe and North America, Thus, we find 
that the great group of mammals which became prominent in the Eocene Period took its 
origin as early as Permian, and remained obscure throughout the Mesozoic, when giant 
reptiles were the lords and masters of the earth. The Mesozoic mammals were very small 
creatures as compared to those of the Cenozoic, suggesting that "the upwelhng of 
future ocgmtc rulers be gas ki uuobcrusivc small forms". 
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CHAPTER TWELVE 


THE JURASSIC PERIOD 

The Age of Dinosaurs, Pterodactyls, Primitive Birds and Cy cads 


The rocks overlying the Trussic were first studied m England towards die close of 
the nineteenth century by William Smith who named them ‘Oolitic’ because of oolitic 
limestone m them. Later, they were named as ‘Jurassic’ after the Jura mountains, between 
France and Switzerland, where they arc well exhibited and were extensively studied. 
The Jurassic Period ended about 110 million y ears ago and had a span of about 30 million 
years 

The Jurassic rocks found in the Himalayas m India are marine. They comprise lime- 
stone and shales, considerably thick deposits of which arc found in the Zanskar Range of 
Spin and m Garhwal and Kumaon The Kioto limestone is 600-900 m. duck, form- 
ing lofty, precipitous rocks faang the Punjab Himalayas The most characteristic Jurassic 
formation of die inner Himalayas is the splintery and micaceous Spin shale, about 
90-150 m thick. Clays and sandstones with ligmtic scams, ranging in age from the 
middle Jurassic to upper Jurassic, arc found m the Salt Range in Pakistan About 1000 
tonnes of coal per year arc worked out from Kalabagh Jurassic limestone rods, called 
Monm, which are also met wnth in Baluchistan. 

The Jurassic (upper Gondwana) rocks are found from Rajmahal lulls in Bihar tn 
die neighbourhood of Madras The outcrops of dicse rocks arc seen in the Damodir, 
Mahanadi and Godavari valleys, and m the Satpura hills The Rajmalial hills are consti- 
tuted principally of volcanic rocks attaining a thickness of GOO m. with intcrtrappcan beds 
of sedimentary siliceous and carbonaceous clays and sandstones about 30 m. in thick- 
ness The flora of the Rajmahal Senes is found in beds which are exposed at numer- 
ous places scattered over an area of nearly 10,000 sq km It was about half a 
century ago that Feistmantcl desenbed the fossil plants from Rajmalial hills, but die 
most exhaustive study of these plants has been made by B Sahm and his colleagues and 
students. 

In the coastal regions of Coromandel and Kutch, the continental depouts arc inter- 
stratified with marine rocks 

In the outcrops along the Coromandel coast arc seen fossil plants of Gondwana, 
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and estuarine and marine molluscs, including ammonites The outcrops near the town of 
Rajahmundn are composed of littoral sandstone, gravel and conglomerate with a 
few shale beds containing marine lamellibranchs and ammonites Intercalated with these 
are beds containing impressions of die leaves of cycads and conifers Another outcrop of 
die same rocks is found on the south of the Krishna, near the town of Ongole A third 
group of these rocks occurs near Madras, and a fourth on the Mahanadi delta at Cuttack 
The Jurassic sandstones of the Mahanadi have furnished material for many buildings 
and temples including the well-known temples of Konarak and Jagannath at Pun On 
weathering, the Gondwana rocks yield a sandy shallow soil of poor quality 

In Rajasthan, the Jurassic rocks are largely concealed below the sands of the Thar 
desert and only a few patches are exposed in southern area and in Jaisalmer and Bikaner 
The Kutch Jurassic rocks are very nch in fossil cephalopods, many of which show 
a relationship with those of Malagasy (Madagascar) 

Extensive marine and continental deposits occur in Europe and Amenca Jurassic 
red beds with gypsum occur in the Colorado plateau Volcanoes were active in the early 
Jurassic from southern Alaska down to California On the whole, the Jurassic was a period 
of stability However, mountain building took place in North Amenca — the Nevadan 
Revolution, which continued until the close of the Jurassic, and gave birth to the Sierra 
Nevada mountains 

Palaeogeography 

During the Jurassic, considerable changes took place in the configuration of the con- 
tinents The Gondwanaland separated into two land masses, the western and the eastern 
Modem Africa and South Amenca consntuted the western land mass, whereas the eastern 
land mass comprised Madagascar, peninsular India, lower Burma, Malayan Peninsula, 
Indonesian Islands, New Guinea and Australia The Tetliys Sea separating India from 
Angaraland had considerably receded (Fig 53) Large freshwater lakes existed in peninsu- 
lar India connected with the drainage of the surrounding country After regional uplift 
about tins period, the drainage in the Godavan and Mahanadi valleys earned the waters 
of the lakes into the sea winch existed over the region now called die Bay of Bengal 

Towards the late Jurassic, marine invasion affected a large part of Rajasthan and Kutch 
A manne transgression also occurred on the east coast of the peninsular India, which 
resulted in the upper Gondwana deposits of the east coast between Visakhapatnam and 
Thanjavur along the Coromandel coast 

Outside India, much of Europe was submerged during the middle to the close of 
this period, and the sea spread over Spam, France, Italy, Germany, the Balkans and Britain 
Hardly any extensive marine transgression affected the Angar aland In North America the 
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sea advanced m the early Jurassic and spread eastward to eastern California. Another arm 
of the sea from the Gulf of Mexico advanced into Mexico and Texas, and later the Acetic 
Sea extended as far as central Colorado. These marine invasions in North America were 
short-lived and withdrew during the upper Jurassic. The uplift of the Sierra Nevada 
mountains in late Jurassic resulted in the withdrawal of the Pacific Sea. 

Climate. The curbing or dwarfing of various marine and land animals and plants 
points to a somewhat cool climate during the early Jurassic, which became mild during 
the middle and late Jurassic. Corals were distributed much farther northwards than their 
present range, and the dinosaurs have been found as far north as Montana. 

The Arctic Ocean was cooler than the Atlantic and the Pacific. Alaska and Graham 
Land, where arctic climate prevails today, were covered by luxuriant vegetation, 
suggesting a much milder humid climate. In the western interior of the United States, 
desert or semidesert conditions prevailed as indicated by the Red beds and great cross- 
bedded sandstone formations. 


PLANT Llr£ 

Plant life during the Jurassic was far more luxuriant than m theTriassic and largely 
consisted of ferns, c)cadophytcs and conifers, fig. 54 shows a Jurassic landscape with 
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dominant plants and animals during the period. Fig. 55 shows the Jurassic plant life in 
the Rajmahal hills, Bihar, India. 

One of the features of the Jurassic floras is their uniformity in widely separated 
regions of the earth. Describing the Jurassic flora of the Yorkshire coast, Seward 
writes, “Our first impression might be that we were in some tropical region. 
Conifers of kmthsc h&bic dominated the forest; river banks bidden under a 
tangled not of luxuriant ferns; group of horsetails (Ecpnselum) spreading a green 
mist over flat stretches of land. We would be struck by the absence of broad- 
leaved trees festooned with rope like climbers and their branches lifting up to the 
sunlight clusters of humbler flowering plants. We might well think that we 
had wandered uito a tract of country where for some reason the ground was 
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monopolized by ferns, comfcn and cycadophytcs to the apparent exclusion of all flower- 
ing plants.” 


Lycopods 

The lycopods were now exclusively herbaceous and were very much like the 
modem forms. Even in stem anatomy the resemblance is very' close, as in the genus 
Lytoxyton. 

Articulates 

The genus Equisetites had become extremely common and cosmopolitan. 
Although some of the forms were still thicker than the modem Bpibettm they were 
less thick than the Trusstc forms. E/piuetua was so much like Dpiisetum, that the 
Jurassic forms are now referred to the modem genus. Phyllotheca, Ncccuhrrites, and 
Sihizcreurj were less common. 

Ferns 

One of the dominant group of the plant kingdom during the Jurassic, the ferns ex- 
hibited considerable modernization in form and structure. In Misrattiffpsis, a close affinity 
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with some modem forms can. be seen in the morphology of the leaflets and the structure 
of the sporangia The stenle and fertile fronds of Cladophlchis dcntieulata (the fertile ones 
are referred to Todttes deutiarfata) are in no way much different from those of modem 
Todca barbara and the same may be said of the rhizomes of Ostminditet Matomdium is 
dose to Mato nut pedmata and DtdyophyUum recalls the Indian and Malayan Diptcris and 
Platy cerium 

Cyatheaceac was represented by Cyathoeaults and Ctbottoamhs, and Glcichemaccae by 
Gleuhcmtes The modem genus Glcichaua closely resembles Glcichemtes G glattea is 
found in the forests of Assam (Pi 46) Schizacaceae was equally common and was 
represented by the genus fCliikia All these possessed the essential characters of modem 
forms There were several other ferns represented by stenle fronds 

Pteridosperms 

The pteridosperms in the middle Jurassic were represented by Thmnfeldia Dicroidium, 
Pachyptens, C) cadoptem, Lottchoplerts, and Caytomales known from the Yorkshire coast 

Caytomales consist of foliage (Sagenopims), xmcrosporophylls ( Caytonantfm ) and 
fruit bearing stalks ( Caytonta ) (Fig 56) The leaves were compound— three to sue, lanceolate 
leaflets, about 2-6 cm long, borne on a petiole— and had reticulate venation The mega- 
sporophylls were long doni ventral structures and bore stalked fruits in pairs The round, 
sac-like fruits had a lip situated close to the stalk, which opened into the interior of the 
fruit Inside the fruit, small orthotropous ovules were arranged in a row on die curved 
inner surface The seeds, with the single integument free from nuccllus to the base, were 
devoid of any micropylar beak- The microsporangi3te organs bore short lateral branches 
on the central axis, which subdivided and bore four-chambercd anthers Pollen grams 
were two-winged 

CzelanowsLta, originally referred to Gmkgoales, is another interesting plant wluch 
was widely distributed in the Jurassic, Its leaves, arranged m fascicles, about 15 on a 
short shoot, reached a length of 15 cm and were divided dichotomously into narrow and 
linear segments The associated seed bearing organs, Lcptostrcbus, consisted of a slender 
tmbranched axis bearing appendages which were spirally arranged. Each appendage 
consisted of a pair of lobed valves, with three to five seeds borne on the inner surface 
of each 

Pcntoxylales 

This interesting group of plants is known from India and New Zealand (Fig 57,1-4) 
The stem (PentoxyJon) was characterized by a ring of five, occasionally six, closelj 
situated steles, each with tangentially elongated primary wood enclosed in strongly 
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endocentric secondary wood. The stems in Nipmhxj len had more srclcs, with endocentric 
growth. The stems bore strap-shaped leaves. In Nipmiophyllurt mot, the leaves were upto 
7 cm long and traversed by a midnb with parallel, lateral veins. The midrib consisted 
of a row of vascular bundles which resembled those of modem cycads. The stomata were 
also cycadean in character. 

The seed bearing orgins were borne in clusters on a peduncle which divided into 
several branches or pedicels, each terminating in a cone. The pedicels had 5 vascular 
bundles. The cone axis bore several closely compact seeds with thick fleshy integuments. 
The rvcropjle faced outwards. Camscontie: ce^peetun had ovoid cones, and C. hxw r 
elongate ones. 

The male flowers, Se^nfo nipstknsis, were borne on dwarf shoots and consisted of 
spirally arranged filiform appendages fused at the base to form a disc. Unilocular sporangia 
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THE FERN GLEICHENIA CLAUCA GROWING IN A FOREST IN ASSAM 
It is a 1 ving fossil and closely rest nbles the fossil Gle chen t*» 
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were attached on short branches of these appendages Pollen grains were monocolpate 
and boat-shaped. 

Cycadeoids 

These were largely represented by the genera IVtlhomsmieUa, IVilhamsoiua, 
CycadeouJca, Sahmoxylon and several kinds of fronds such as Ptcrophyllum, Dtcfyozamiies, 
Ptifophyliims, Otozamtes and Anmozamiies. 
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JViIhamsenietla corcnata had slender, rcgularl) forked stems and bore scattered leaves, 
Ntbsontop ens The short-stalked flowers were borne on small fcrnlc shoots m 

the forks of the stems. The flowers, probabl) axillarv m nature, were bisexual Each 
consisted of a central column bearing the seeds and intcrsemmal scales. The seeds were 
ver) small and as many as 300 have b-en found attached to 10 mm length of column 
Inters pen cd among them, there were 1200 intcrsemmal scales, each made up of a slender 
stalk and a terminal bulbous head. The central column was surrounded by a ring of 12 
to 14 separate nucrosporoph)lls attached at its base Each raicrosporophjll bore two 
pairs of capsules partial!) enclosed b) finger-like branches The two-vahed capsule was 
made up of several sporangia The microsporoph) 11s were probabl) shed after spore 
dupersal and the) hav c been found detached. A penanth of hairy bracts enclosed the 
whole structure. 

The stems of Wflhamsomas, like those of modem cycads, were clothed with th- 
bascs of old Ieav cs and bracts and bore palm-hke leav cs (Fig 57 5), but the flowen were 
different. The trunk, about 2 m. tall, had many c)cadean characters in the nature of rays, 
and pitting and cndarch protox)lem The flowers were unisexual The female flower 
consisted of a central receptacle covered with long stalked ovules and the club-shaped 
intcrsemmal scales The male flow er consutcd of a cup-shapcd structure with flaring lobes 
and with sporangia attached on thar inner faces. In IVilltamscnia spcttabilis, the lobes bore 
slender brandies on whidi two rows of synangu were attached. The male flower was 
sulked xn II' spectabilts, but it was sessile m IP u lutbiensis which had the synangia directly 
attached on the inner surface of the lobes In IP smtaJensis, the basal disc w aj more shallow 
and each lobe was divided into a blunt terminal portion and a narrow er side whidi bore 
two rows of finger-hke appendages, each mduding two rows of chambers 

C)cadeoidcas liad short columnar trunks and bore an armour of leaf bases and 
multicellular liairs The flowers pa mall) sunk m the leaf bases were borne lateral!) on 
the trunks PI 47 2. A large pith was surrounded b) a thin zone of wood. Frotox)lem 
was cndarch. The sccondar) X)lem consisted ofscalanform tradiads and umserutc to 
bisenatc rap Cortex was parendiymatous with gum canals and leaf traces. The leaf 
trace originated as a single strand and divided in the mcsarch region into manv strands 
arranged m a horseshoe-shaped curve It followed a direct course upward and did not 
show curvature around half of the circumference of the stem as m modem cycad*. The 
leaves were like those of modem Macrezwna, DucphJarics and Bcumus Some of the 
C)cadeotdeas were monocarpic, fruiting only once during th-ir life time 

The flowers were unisexual or bisexual borne cm stout fend- shoots on which the 
pmnatc bracts were arranged spiral!) The apex of the shoot terminated in the ovuh r erous 
rcccpudc which was convex, as m CyeJeeiJea gibscr.uras, or elongate ard near!) 
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cone-shaped as in C dacotensis (Pi 47 3) and C mgetis It w as cushion-hkc and bore a 
cluster of stalked ovules and intcrscmmal scales Ovules were erect \vuh a long micropy 1c 
Seeds were small oval bodies The tips of the scales were enlarged and elub-hke, fitting 
into die spaces between the seeds and were fused to form a continuous layer with openings 
for the micropylar beaks 

The receptacle was surrounded by a nng of microsporophylls fused below to form 
a disc The microsporophylls were pinnate organs and the middle pinnae bore two rows 
of synangia, whereas the basal and apical pinnae were stenlc The synangium dehisced 
b) a longitudinal slit and its wall w is made up of palisade tissue 

Cycads 

The best known remains of this group are known from the mid-Jurassic of 
Yorkshire The leaves, Nihscma compia, had strong rachis and lamina divided into 
truncate segments The female fructification Beanta gracilis, consisted of a long axis 
bearing spirally arranged stalked appendages winch had a distal expanded head with two 
seeds on the inner surface The seeds were large (up to 16x13 mm), with a two-la) cred 
integument the outer fibrous, enclosing the inner stony layer The male cones, 
AnUrostrobus mams , were 5 cm long and 2 cm in diameter Numerous spirally arranged 
sporophylts bore scores of cylindrical sporangia on the under surface Many characters 
of the Jurassic cycads may be seen in the modem genus Cycas C rci ohita is a common 
garden plant in many parts of India (Pi 48) 

Conifers 

In the Jurassic plant life conifers formed another dominant group Several kinds of 
sterile shoots have been described some of which on the basis of morphology and 
anatomical characters have been referred to modem families Elatccladus Sphcnolcpidium, 
Nagcxopsts etc to Podocarpaccac, BrachyphyUum and Pagwph) Hum to Araucamccae, 
E fatales and Saadopuys to Taxodiaceac Cephabtaxites to Ccphalotaxaceac, and Pimtes 
and Pityocladus to Pmaceae Several of these arc form genera and some of them show 
intermediate characters between cycadophy tes and conifers eg Podozamites Ehtides 
had foliage like Araucaria excclsa but the cones resembled those of Picca or Abies 

The variety of foliage is substantiated by the occurrence of many kinds of fossil woods 
which are referred to several families and genera such as Mesembnoxyhn (Podocarpaceae) , 
Araucamxyton and Dadoxylcn (Araucanaccac), Ccdrexyton and Ptccoxylcn (Pinaccae), 
Taxchaxylon (Taxoduccie), and Cuprcssmoxyhti (Cuprcssaceac) 

Along with the foliage and woods both mak and female fructifications have also 
been found Several speacs of Masculosirobus, with 2-3- winged pollen, arc referred to 
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Podoorpaccae. Male cones on the Ere hyphyllun shoots with unw-inged pollen and ferule 
cones with hgulate single-seeded scales (Arcucentes hirjrshrxnsis) anti drtacbed sn de- 
seeded sales [Are teenies) arc the ferule remains of Aranamcae. Besides. d-5pcrs*d pollen 
referable to Pinacae, Arauanacae and Podocarpacac occur pro fusel) m tl c Jura sac 
rocks. Mole cones had almost the same organization as in modem conifers. The female 
cones too v, ere not ver) different from their modem counterparts. 

Scs eral krnds of Jurassic seed-cones have recent!) been described from the Rajmahal 
Senes of India. The)' arc compact to loose with cadi seed-sale complex consisting of 
dehate, flesh) fertile sale and a recun ed ov ulc with an epiraadum, as in the genus tfipa* 
moruha In Sitholeya die shoot terminates m a smgle m\ ertedov ulc asm modem PiJxarpus 
The genus hi pementha is comparable to modem Decryltum, PlerospL :era and Aftmv 
eachrys Mebtau is more PhnespheeraAik e. These cones from Indu exhibit successive 
steps m gradual recurvauon of ovules and the appearance of epunanum as a result of it. 

Both small and large seed-cones of Pinacae ha\ e been found in the Jurassic. Oftbesc, 
the elongate cones of Pilules strcbihfcrms resemble those of Pmus strebus A broader and 
shorter cone is referred to Pirns STiieg i known from the upper Jurassic of France. 

Eletuies u ilhamscmt known from the middle Jurassic of Yorkshire, is a distinct member 
ofTaxoducae. The sessile male cones were borne in dusters at the ops of leaf) twigs The 
stalked stamens bore expanded diamond-shaped heads each bearing three elongated pollen 
sacs. The seed -cones were borne terminal!) Each seed-sale complex consisted of a stout 
stalk and an expanded distal portion aiding in a tapering apex. Fiv e ovul-s arranged in 
an arched row were present at the junction of the stalk and the distal part 

Amongst the genera that extended from the upper Tnassic to lower Jurassic mi) be 
mentioned Sebtzckpu Pahu) a Stathyetaxus and Amcantes 

In Su rJenhcrgia both the sporoph)ll and the five inverted ovules not aggregated and 
the enure bract was frcconl) inti eapial region The low er Jurassic CAfinj/epu had axilla r) 
seed-sale complexes, made up ofsix sterile sales with two basal ircgisporoph) Us each with 
one inverted ovule at the apex. JhmmrlL of the same age hadwhatappeamobea uigle 
stenle sale and tw o mcgasporoph)Us with inv erted ovules making a seed-sale comp’ ex. 

Toxads 

These were represented bv Taxus jurcisxe known in Yorkshire It con us ted of 
radially symmetrical dwarf shoots in the axils of small sale laves each bearing one 
erect, slight!) flattened, anil ate ovule 

Anpoipcmti 

The Jurassic plant life also included some Ama which seem to show characters 
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of •uigiosperms Amongst the leaves, Phylhtes from Yorkshire, is comparable with 
Cercidiphyllum Sassetidorfites benlen, from Sassendorf near Bomberg, looks like a dicot 
leaf A palm Propalmpkylhm hasittuttt, from France, may also be mentioned 

Some of the Jurassic plant fossils from India are shown m Pi 49 to 52 

Advances in Plant Life 

A review of die Jurassic fossils reveals a more modem flora As Seward observes, 
“Monbund survivors from the Palaeozoic world disappear and more modem and familiar 
types become increasingly abundant, we get into closer touch with lines of evolution 
leading directly to genera and speaes which are still with us”. Archaic forms like the 
Cordaitales, arborescent lycopods, and most of the ptendosperms had disappeared The 
Equisetales had dwindled into insignificance Ferns, many of which can be assigned to 
modem families, had become widespread. Conifers, many of which look familiar, had 
become dominant forest trees Cycads were widely distributed and dominated the flora 
Angiosperms probably arose from forms like Caytomales and Bennetmales, but played 
only a humble part in tbe Jurassic flora 

An important aspect of evolution of plant life during the Jurassic was further reduc- 
tionofthcplantgroups, some of which were of wider distribution during the Palaeo- 
zoic Phyllotheca, Neocalanutes, Schzoneura and Eqmsetiles were the sole survivors of the 
Palaeozoic articulates, Lepidodendrons became extinct, but Lycopodites and SeJagiaelhtes 
continued to exist, among ferns, there was hardly any Palaeozoic remnant, descendants of 
ptendosperms were represented by Caytomales Jurassic plant life also exhibits pro- 
gressive modernization, an evolutionary trend commencing w the Tnassic Speaes of 
Equisetites are almost hke those of modem Equssetim Close similarities can be observed 
among Jurassic and modem lycopods, members of Marattuceae, Osmundaceae, 
Schizaeaceae and other ferns, some conifers (Araucantes and Pmites) and cycads 

Sudden decline of the Palaeozoic representatives and progressive closeness with the 
modem flora were accompanied by quite a fewnewkindsof planthfesuch asPentoxylales 
The Bennettitales, which emerged in the Tnassic, became varied and dominant in the 
Jurassic Although very much different m the nature of their fructifications, they possessed 
several characters of habit, foliage, and stems which recall those of modem cycads, despite 
the striking differences in cuticular structure The enfolded fronds of Cycadeoidea mgetts 
are hke those of Encephalartos, Macrozamta and Bowatta among the modem cycads, and 
short, branched stems are not different from those of modem Zatma But for the direct 
course of leaf traces and absence of medullary bundles, the anatomy of the wood is very 
much hke that of modem cycads, and the seed structure is also closely allied. The differences 
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in stomatnl apparatus and the organization of fructification keep them apart from modern 
cycads-Truecycadshadalready existed along with the Bcnnctutales not only mthejurassc 
but even in the Trnssic. It will indeed be too far fetched to think that the Bennettitales 
are the precursors of modem cycads. Thar ongin from common ancestors ma) be a 
plausible possibility but any such common ancestor is difficult to imagine New kind of 
stomatal structure and strange looking fructifications caution us against seeking tlieir 
ancestr) m the ptendosperms 

On the whole, cvolunonary trends acquired during the commencement of Mesozoic 
arc more full) expressed during the Jurassic. Jurassic conifers however, reveal some of the 
e\ olutiouar) trends earned o\ cr from the Palaeozoic, such as the aggregation of the ferule 
and sterile scales and the bracts in Sucdaibcrya and further reduction in their number m 
Hirmcrtclh which has a single sterile scale and onl) two mcgasporophylls The cvoluuon 
of conifers as witnessed in the preceding geological periods links Leb ichta or Welch 'stn bus 
wnth the modem forms through disappearance of dichotomy of the bract scale and reduc- 
tion and aggregation of both stenle and fertile scales The newly discovered podocarps 
from the Jurassic of the Rajmahal hills are perhaps the descendants of tbc line of evolution 
headed b) Cmcsuodcndron, which lacked stenle scales The reduction of several fertile scala 
to one followed b> the recurvation of the ovule and the appearance of cpimaaum as a 
result of it, may perhaps comprise possible steps through which seed scale complexes of 
Nipamcniha have onginated and cv oh edrnto loose and compact sccd-concs These steps 
continued further and gave rise to few- to single-seeded fructifications in modem podo- 
carps Some Jurassic podocarps, Sitheleya for instance, indicate this 

Further strides in the evolution of angiospcrms are seen m the emergence of 
bisexual ism m the bennemedean flow era and the arrangement of the essential organs on the 
axis as seen in Rcminrths, m the fruits of Cajtcnta with enclosed seeds m palm-like leaves 
wood showing homoxy ly , the net-vaned leaves of and ui thepollcn posscsnng 
diameters hitherto unknown in an) othergroupof plants, except angiospcrms. It ma) be 
too far fetched an idea to look upon the Pentox) laics as immediate ancestors ofmod-m 
Pandanaceae, as held b) some At the same time, the abov c evidences of angiosperm) in 
the Jurassic can hardly be underestimated or ovcrlool cd. 

ANIMAL LIFE 

The Jurassic animal life was almost tli- extension of the Truinc with qualitative and 
quantitative changes m some group and the emergence of some new ones exbibmnp 
increased modernization in all aspects Some of th<* Jurassic animal fouils from India 
and neighbouring countries arc shown in PI 53 
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SOME JURASSIC ANIMAL FOSSILS FROM INDIA AND NEIGHBOURING COUNTRIES 

1, Nmfi/iis ItiiiMCiiiftiKM Wiap from north of Kumai^um, Kutch, 2, f/o/coiftjrrj suboiahs Buckman from Man Hsian, 
Northern Shan States, Burma, 3, Afi'iuluahia cormiii/i’nms var crowd Gregory from north wist of Juinara Kutch 
4, St) (mo l delimits Gregory from north-west ofjumara, Kutch, 5, Isawrora hcnnsphcnca Gregor) from north-". ert of 
Juniara, Kutch, 6 Belemmtrs latniensu Waag from Kutch, 7, PhyJttorras AupuiaMt 2>ttcl from Keen JajJl near Chari 
Kutch, 8, Slephtmeerm snUomprtssiim Wajft from north-tv cst of Soorla, Kutrli (1, (>, 7 A 8 cephalopods, 
2, brachiopodr , 3, 4 A 5, corals) 
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Invertebrates 

The foramimfers, the racholanans and the sponges became very abundant and dn exsi- 
fied. Corals were also very common but they were all of the hexacoralla-type and of 
modem appearance Like the modem forms they w ere tiny individuals secreting carbonate 
of lime from sea water and growing into profusely branching colonies The cnnoids were 
very profuse and notably large and complex. The single individuals in some of the Jurassic 
forms had more than 600,000 segments made up of carbonate of lime Asterozoans conti- 
nued to maintain their Tnassic status Echinoids attained prominence and variety During 
the early Jurassic, only the regular and radially symmetrical forms existed, but later in the 
period the irregular and bilaterally symmetrical forms made their first appearance showing 
progressive evolution towards the modem forms Bryozoans continued to be present, but 
bracluopods were further reduced A gradual increase of shells with curved hinge-lines 
over those with straight hinge-lines marked a further change in the brachiopods 

The pelecypods and the gastropods continued as m the Tnassic and were more 
abundant They w ere very vaned and included several modem genera Exogyra and 
Gryphea were common during the Jurassic and Cretaceous Cephalopods reached their 
zemtli of development during the Jurassic (Pi 54) The compartment partitions m the 
coiled forms became highly complicated. Besides being complex, many of them were of 
large size Some of the coils w ere so large in diameter that if stretched out they would 
be 9 to 12 m long The ammonites adopted strange forms, some had uncoiled shells, 
others were spiral and curved, or straight. In some, the shells were highly ornamental The 
dibranchs became exceedingly abundant, both in number of species and individuals The 
highest beds of Kioto limestones m Spin contain a rich assemblage of lamelhbranchs and 
belemmtes From the preponderance of the spears Belemmtes sulcacutns, they are called 
Sulcacutus beds From Spin shales, a large number of genera of ammonites have been 
collected. A few of these are Phylloceras, Oppcha, Aspidoccros, Hop! tics and Macrocephahtes 
The lamelhbranchs are represented by numerous genera, the commonest of which are 
At tarta, Aucetta , , Luna, Pcctcn, Nttcula, LeJa, Area and Trtgonta The gastropod species which 
have been collected belong to genera Pleurotomaria and Centhum A large number of fossil 
cephalopods have been collected from Jurassic rocks of Kutch, which closely resemble 
those of Malagasy. A feature of the ammonites is their complex septa, and highlj orna- 
mental shells The belemmtes were very much like modem cuttlefishes Some Jurassic 
forms were over 60 cm long In some, ink-sacs have also been found, as m modem forms 

The lobsters, the decapods, which ongmatedw the Tnassic were represented by 
several genera and speaes in the Jurassic Besides the long-tailed lobsters, there were also 
short-tailed forms There w ere many intermediate forms between the long-tailed and the 
short-tailed forms 
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Insects m the Jurassic fauna were represented by hundreds of species Grasshoppers and 
cockroaches existed in the Jurassic Beetles amongst the higher forms s\ ere s en abundant* 
but the other higher forms such as flics, bees, ants, butterflies and moths had only just 
appeared On the whole, the insect life Was remarkably modem during tlus period 

Vertebrates 

The population of amphibians declined still further, but they were large m 512 c 

Amongst the fishes, the selachians and ganoids were common and dipnoans had be- 
come rare The telcosts, the true bony fishes, though rare, made their first appearance 
during the Jurassic Tins group of the most highly organized of all fishes included such 
modem forms as salmon, cod and hemng They were simple forms and on the border 
between the true ganoids and the telcosts 

Reptiles were much like those of Tnassic, but more saned. Besides the ichthyosaurs 
and plesiosaurs (PI 55), there were true sea-serpents, the xnosasaurs, canmorous marine 
reptiles w hicli w ere 12-22 m long In structure, they w ere much like snakes and lizards. 
The four limbs were modified into short, stout, swimming paddles and their jaws were 
studded with slurp teeth Thar body was long and slender with a small head and a tail 
The ichthyosaurs increased m numbers in the Jurassic Because of their large size, greater 
strength and agility, they arc belies cd to be the secondary aquatics since they re-entered 
water after a successfuladaptationcnland. Thcscsecondary aquatics, armed with many ad- 
's antages, which the land-life had bestow cd upon them, such as greater strength and agility , 
became monarchs of the seas and risers Iehtliy osaurs wcrctorpcdo-hkc in shape, and had 
dose rows of small slurp teeth. Thar limbs had become cons ertrd into paddles, and they 
swam with the aid of their pow erful \crtical tail-fins. The nostrils w ere on the top of the 
head, and this part of the body broke the water surface first, and facilitated air-brcathuig 
There was a parietal foramen on the top of the head It possibly lodged a pineal eye which 
functioned m addition to the two huge lateral eyes They were soracious carmsorous 
animals, and fish formed thar mam diet Some of them were o\cr 12 m m length They 
did not lay thar cgqs on land, but w ere visiparous and gas c birth to thar young ones This 
is prosed by the presence of skeletons of a litter svithin the ribs ofa female ichthyosaur 
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Pa l jOa f« R hi git Co tesy Cl cago ha ral H ory Af st 


A SCENE OFF THE COAST OF N AMERICA IN JURASSIC TIMES ABOUT 1J0 000 000 YEARS AGO 
Two type* of the marine rcpt les are shown Plesiosaurs with long necks broad flat bodies and sturdy 
paddle shaped limbs and ichthyosaurs with fish like fins and tails Both types were fish eaters 
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Apart from ichthyosaurs and plesiosaurs, crocodiles, tunics, and tortoises liad also 
adapted diemseh es to aquatic life, and many of them became marine Mefrtarhytichus was 
a sea-crocodilc of the uppcrjurassic Penod, with a tatl-fm hkc that of an iclith)osaur, and 
paddle-like limbs It was so well adapted to life m water, that it would never have 
come on land. 

It was m 1878 that Marsh and Cope discovered dinosaur remains m Colorado, 
Wyoming and Utah, in the United Statrsof America From the abundance of fossil bones 
it appears that North America had a fairly large dmosaur population One of the best 
known dmosaur quart) is near Vernal, Utah, where a national park known as ‘Dinosaur 
Park’ has been established. In this park, remains of man) arunnls lm c been exposed in the 
rocks and Ime been left m situ for the benefit of sight-seers Dinosaurs were world-wide 
in distribution, and apart from USA, their remams ha\e been found in Brazil, Patagonia, 
England, Belgium France, Germany, Austna, South Afnea, India, Central Mongolia 
and Australia 

Some of the dinosaurs were the largest land animals time ever lived, and reached a 
height of 21 -30 m Brontosaurus was one of such giant dinosaurs It had a long neck 
and a tail, had pillar-hkc legs with solid bones, a huge body and small snakc-hke head It 
was a sluggish vegetarian and possibly Us ed half submerged m water It was an egg-laying 
dinosaur, and its eggs, each of which equalled 100 hen’s eggs m diameter, were hatched by 
the heat of the sun It was about 20 m long and weighed about 38 tonnes It was 
quadrupedal, though when buo) ed up in water, it could walk on its hind legs 

Stegosaurus was another formidable dinosaur, with i double fringe of huge triangular 
bou) plates on its back Some of the largest plates were too heavy for one man to lift. 
The end of its tail was 3rmcd with fearful spines, which were powerful defensive weapons 
It had a hunch-backed appearance due to its very short front legs, and long and straight 
hind legs It had a \ cry small head and a very small brain, w cighrng only about 300 grams, 
as compared to its bod> w eight of 13 5 tonnes Such a small quantity of nen ous matter 
could not control such a mass of flesh, and necessity arose for die development of a secon- 
dary brain m the vertebral column One of the vertebrae on the back was enormously 
enlarged and contained a large amount of nen e tissue which functioned as a secondary 
brain, and was die scat of the reflex and co-ordinating control of the large lnnd limbs and 
tad muscles Diplomats, which has been collected from Wyoming was 26 m long, 
but its neck and tail were comparatively slender Its tail end acted like a w luplash, and was 
an efficient weapon of defence. 

Many species of Jurassic dinosaurs have been described from almost ill parts of the 
world. They range in length from 60 cm to 36 m Compsognatlius was only about 
75 cm in length, whereas Gigantosaurus from East Afnea was about 36 m long and 
II 
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weighed about 40 tonnes Some were vegetarians, whereas others were flesh-eaten. 
Some of them were kangaroo-like m appearance and ran on th-ir hind legs and othna 
were clumsv waders The sauropod dinosaurs were evidcndy senile forms, which 
specialized in bulk and were like moving mountains of flesh. While thnr canmorotn 
members persisted, most of thar bulk) representanv es, as Lull states * were releas'd from 
the cxccsnv e burden of the flesh and suffered raaal death in Cretaceous time, som' millions 
of ) cars before the passing of the dinosaurun dynast) In the Jurassic, how ev cr, they w c-e 
stars m the great drama of mediaeval life, and compared to them, other terrestrial animals 
formed only a supporting cast.” 

Advances in Animal Life 

The conquest of air. One of the major achievements of animal ltf' in the 
Jurassic was the conquest of the air Air is about 800 times lighter than animal 
matter, and there was need of special modifications of bod) structure to overcome such 
a tenuous medium Ptcrodact) Is, or the flying reptiles whose first record'd appearance 
is in the rocks of the uppermost Tnassic Period, were the pioneers m this adventure 
These flying dragons, which looked like huge bats, became dominant m the Jurassic, 
and became extinct in the upper Cretaceous due to raaal old age or increasing cold The 
pterodactyls were the most perfect flying vertebrates and had evolved many special 
adaptations for an aerial environment. Their bones were hollow, and instead of marrow 
were filled with air Hollow and light bones were an advantage tn flying Thar 
cerebellum was large and well developed as in birds and gave them power of quick 
adjustment of balance in an aerial environment Thar c) es were also bird like In die 
ptcrodacty 1 wing, which v\ as a patagium stretching betw ecn die forearm and the leg d e 
fifth finger was gready prolonged to support die wing on the top of which vs ere three 
claw -like fingers In DirrorphoJen, the humerus was perforated by a hole that 
permitted communication between die respiratory organs and the cavity of die bone In 
some forms even teeth were lost and bird-Ukc beaks were developed. 

The pterodactyls vari'd in size from a sparrow to an eagle Rl mpherhynet ut was 
a flying reptile having a very long tail vvidi a diamond-shaped aid. The Cretaceous 
pYnriedefi had a wing span of 8 m, and was the biggest flying animal ever known 
(Fig 54) However, its body waght did not exceed 14 kg In fljmg vertebrates a Imu 
mure is reached sooner dian m land mammals. In a b'avier than air flung nuchtne, 
the bigger a machine is, die faster must it fij to keep die body from crashaig In flying 
verteb-ates, die optimum vs eight is reached at about 23 kg Hence w c find dir in die 
pterodactyls the body was comparatively a small appendage to a huge pair of wrigs. 

Like albatrosses die ptcrodacty Is vs ere probably fishers Perhaps they clung to rocks 
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neat the sea-side with the aid of their claw-like vestigial fingers Most of the pterodactyl 
fossils have been collected from Solenhofen beds in Bavaria, which are marine deposits 
Thus is an indication that they flew over the sea, and sometimes got drowned and thus got 
preserved as fossils Their failure to evolve a covering of fur or feathers led to their doom 
With increasing cold in the Cretaceous, they perished in large numbers and ultimately 
became extinct 

Origin of birds. The rise of the birds from reptiles was a major step in animal 
evolution in the Jurassic Birds possess many reptilian characters, and that is why Huxley 
called them ‘glorified reptiles’ The glory of a bird mainly lies in its feathers, and stripped 
of its feathers, it is quite hzard-like in appearance The Jurassic ancestor of the birds, 
Archaeopteryx, which has been discovered from a slate quarry at Solenhofen in Bavaria 
shows so many reptilian features, tliae it appears like a lizard on its way to becoming 
a bird (PI 56) A specimen of this ancient creature which also bears the head is named 
Archaeonus, and was of the size of a crow. It had teeth in its jaws, possessed a long 
tail with vertebrae and having feathers on either side, a fully developed sternum, and 
three-clawed fingers of the hand projecting from the wing In the Jurassic birds, the 
vertebrae were biconcave, as m reptiles 

According to Nopcsa, birds arose from bipedal running dinosaurs, who gathered 
speed by heating the air with their forearms Nopcsa’s hypothetical bird ancestor Pro-avis 
was possibly a small dinosaur Discovery of small dinosaurs, like Compsognathus, which 
was hardly 75 cm long, from Solenhofen, supports the cursorial origin of birds The 
bones of these small dinosaurs were hollow, light, and bird-hhe The forearms became 
more effective as a parachute by the broadening of their surface due to the development 
of feathers, as a result of fraying out of the scales On account of increased activity, 
the bird ancestors became warm-blooded, and feathers, which are modified scales of 
reptiles, served a dual function, flight as well as conservation of heat. The covering of 
feathers was a major advance shown by birds over reptiles, and helped them to maintain 
a higher temperature, and ultimately to increase their physical and mental activity. This 
was particularly beneficial in the cold of the Cretaceous, when their naked competitors , 
the pterodactyls, perished on account of freezing cold, while the birds multiplied and 
spread all over the face of the earth. 

A nval theory postulates an arboreal origin of birds According to this theory, the 
Pro-avts, the missmg link between reptiles and Archaeopteryx, was an arboreal creature, 
which leaped from tree to tree Such creatures later developed into bipedal forms, and 
thus freed their forehmhs, which expanded and became wing-Uke and were of help m 
climbing trees Thus, thev took to springing combined with flapping movements 
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of wings, and became permanently bipedaL From this transition the AnheofteTyx 
stage is easy, and these creatures mastered flapping flight combined with gliding, and per- 
manent bipedahsm. In this respect, the birds ha\c great advantage oscr parachutists, hie 
ptcrodact)ls,inwhich the arm and leg were joined together b) thepatagium, while in the 
birds chcleg is free to be used as such Thus, the birds can both fly m the air and wall; on t! e 
ground, while the parachutists could on!) fly or hang from rocks and trees m an inverted 
position. It is strange that the tree proved to be the salvation of the birds as well as of 
man, for bipedahsm in ancestors of man is also belies cd to base dcs eloped became the) 
climbed trees and thus freed their hands 

The Jurassic fauna, on the whole, was not much different from that ofTnassic except 
for the abundant increase m scscral groups of animals, such asthcforaminifcn.theradio 
laruns, the cnnoids, the edunoids, the pelecypods, the gastropods, the ccphalopods, the 
decapods and the reptiles, and decrease in the brachiopods and the amphibians The fauna 
exhibits a considerable progressive csolunon towards modem form. Corals, cxdusw eh of 
the hexacoralla type, irregular forms of echinoids, and thedeselopment of the cursed 
hinge-lines on the shells of brachiopods are some outstanding examples Scscral modem 
genera were esolscd out of pel eq pods and gastropods. Bdmmtes was ser) much like 
the modem cuttlefish The crab family esolscd. The tailed specimens of ZT/j-mj the like 
of svhich arc found m the larval stages of modem crabs but not in the adult crabs, pro- 
side an excellent example of the Law of Recapitulation. 

The csolunon of variously ornamented and strange forms of ammonites is indeed 
spectacular. The Jurassic forms had developed a complicated suture or partition structure. 
The cursed and thestraight forms (Bacuhta) show a res era on to the early Palaeozoic forms. 

From the simpler forms of insects in the Tnassic to more dis crafied and higher forms 
in the Jurassic is an important step m the csolunon of animal life. The insect life comp- 
rising bees, ants and butterflies was remarkably modem in aspect. 

A great stride svas made m the csolunon of true bon) fishes, the tclcosts, during 
this period from ganoid fishes. The Jurassic forms w ere simpler and mostl) on the border 
betsvecn true ganoids and true t cl costs 

The reptiles were more common and s*anecL The ichthyosaurs increased. Scscral 
new' groups of dinosaurs, such as motasaun, sauropods, stegosaurs and omuhopods were 
esolscd. In these enormousl) huge creatures, brain was amazing!) small. Modem clef hi it, 
sslucb is big too, has a brain s\ cightng about 3 6 kg. but the Jurassic rcpnlcs much larger 
than the elephant, had a bram less than 90 g in weight. Crocodiles, resembling tl e 
modem gasial of India, originated during the Juramc. In addition to the egg laying 
mammals, the monorremes, the ongui of archaic marsupials during the Jurassic u another 
important step in the evolution of animals. 
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THE CRETACEOUS PERIOD 

Age of Armoured Dinosaurs, Birds, Mammals, and Primitive Angiospertns 


The name Cretaceous is derived from the latin word acta meaning ‘chalk’, a charac- 
teristic rock-type, particularly of England, France and Germany in Europe, the GulfCoast 
of North America, and Western Australia Chalk is a white, soft, fine-grained rock, essen- 
tially composed of calcareous shells and skeletons of minute organisms The abundance 
of microscopic foramimfers, like Globtgerma, Mthohtes, etc in the chalk led the earlier 
geologists to think that it was a deep sea deposit similar to the present day Globigenna mud 
found in the deep sea bottom Fragments of the skeletons of coastal organisms present in 
the chalk, however, indicate that it was deposited in calm seas no more than a few 
hundred metres deep The Cretaceous Period began some 110 million years ago and 
lasted for 50 million years 

The Cretaceous system is represented by a varied assemblage of marine, fluviatile, 
and volcanic rocks, both in the cxtra-pemnsular and peninsular regions of India The rocks, 
mostly comprising sandstones, limestones and shales occur in Spin, Kashmir, Hazara and 
Kumaon Similar rocks also occur in Afghanistan, Persia and central Tibet Volcanic 
tuffs and breccia are found m the north-west Himalayas, Kumaon Himalayas Baluchistan 
and Burma, suggesting volcanic activity during this period. Besides, laminated ash beds, 
agglomerates and conglomerates, and bedded basaltic lava flows associated with limestone 
occur in Astor, Buml and Dras m the north of Kashmir Thick deposits of Cretaceous 
sandstones occur in the Shillong plateau, comprising the Garo, Khasi and Jainna hills In 
western India, massive red and brown sandstones with shales occur in Idar, Baroda, and 
Banner A heterogenous composition including cherts, limestones, sandstones and shales 
also occurs from Gwabor to Kathiawar In Sind and Baluchistan, the upper Cretaceous 
can be made out from the lower by a small unconformity. Cretaceous rocks also occur 
in Burma and Andamans. 

In South India, the Cretaceous rocks composing limestones, gntty sandstones, clays 
and gravel beds occur m Anyalur, Tiruchirapalli and Utatur Underlying the Deccan 
traps the Cretaceous deposits occur m central India and Deccan. 
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Palacogcography 

During the earl) pan of Cretaceous Period, the Tethys extended over wide areas 
It spread o\er a great part of Europe. The southward extension of the Tcthu Hooded 
much of North Africa with a senes of embayments from Algeria to Egypt. A conn-x- 
uon was established with the South Atlantic Ocean across die Gulf of Guinea through 
Algena, Libya, Sudan and Nigeria, converting die Sahara into a great island. In the 
eastern region, an arm of die Tethys spread over Iran, West Pakistan, western India, 
and lower parts of the Narmada and Tapti valleys, another arm invaded Assam, while 
cmba)mcnts spreading northward from the Ba) of Bengal merged with die arm of the 
Tethys in Assam The sea at this time washed the cast coast of India where the upper 
Gondwana deposits arc Iocall) associated with marine fauna of lower Cretaceous age. 
The middle and upper Cretaceous, cspcaallj in the Pondicherry -Tiruchiripalh sector, 
are main!) littoral The fauna of this sector is similar to that of Malagas) (Madagascar) 
and South Africa and to dntof the southern flank of the Assam range Along the Narmada 
valley on the west coast arc some marine fossihferous beds with fossils showing greater 
affinity with those of the Cretaceous of southern Arabia and Europe dun with those 
of Assam and Tirticlurapalli regions The dissimilarity indicates that dicrc was still 
a sort of land barrier that separated die Bay of Bengal from die Arabian Sea Tlus 
land barrier Has been called Lcmuna which included India and Malagasy The sea 
surrounding dm long Indo-Malagasy island, with its dinosaur infested forests, was in 
free communication with the Tethys to the north, as is shown by the presence of 
European species, or species with European relationships, in both the Narmada valley 
and the Cretaceous of tl c cast coast of India The existence of Lcmuna during die 
Cretaceous Pcrod, as the remnant of the Eastern land mass of the Jurass-c is, however 
d sputed by many geologists 

The middle and upper Cretaceous were periods of great marine transgression Fie 53 
shows a map of the world about this time and Tig 59, a palaeogeographic nap of 
GondwanaJand dunng the middle and upper Cretaceous 

While die uppermost Cretaceous beds were being deposited along die south-casxm 
coast of India, stupendous volcanic outbursts ovens helmed a vast area particti'adv 
Gujarat Maharashtra and Madhya Pradesh the like of which is not known anywhere else 
in the world. Several hundred thousand square kilometres were flooded by quiet ou # - 
pounnps of extremely mobile lava from fissures that no longer exist (Rg 60) Tlr 1 ills 
formed by d cm arc m some places over 1200 m high and arc known as the Drrcan 
traps They are peculiar m appearance, being frequently flat on die top and with s’ rep s dn 
so that dicy appear from a durance as pgantic steps and, therefore, called traps (I J 57) 
a name drtiv cd from the Sw edish w ord, meaning a stair or step The individual lavs flow i 



Pl, 57 



DECCAN TRAPS IN THE WESTERN GHATS NEAR POONA 

These mountains were built out or lava poured out at the close of the Cretaceous Period by 
numerous volcanoes 
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Fjc, 58 Mat op tue wo«p arout toe middie or the Csctaceods Pebjod. The shaded areas ate land Thu wu a 
penod of great manne t»nsgrMson (After Arldt) 


that make up the Dcccan trap plateau vary greatly from a fraction of a metre to 36 metres 
m thickness During the periods of quiescence that intervened between successive outbursts, 
lakes were formed, probably because die lava streams had blocked the rivers. In these 
lakes, fishes, frogs, small crustaceans, etc flourished, while flowering plants including 
palms and other vegetation grew on the adjoining land In the marshy areas, dinosaurs 
thrived, and on the beaches, tortoises crauled As time went on, the lakes were filled up 
with sediments, washed down from the land Then came another period of volcanic 
outbursts and lava flows when lakes were formed again, and plants and animals re- 
appeared Thus, volcamsm and sedimentation were repeated many times until a great 
thickness of lavas and interbedded sediments, called the Intertrappeans, had accumulated 
containing the petrified remains of organisms which bear witness to the fauna and flora 
that existed during the period The most common shell of the intertrappean beds is 
Physa pnnseptt, a species of freshwater snails In some places, aquatic plants including 
Chara, other freshwater algae, and Azolla, have been found. 

Manne transgressions also charactenzed the Cretaceous Period in North America 
From the beginning, the sea started invading from the Arctic Ocean m the north and from 
the Gulf of Mexico in the south, across western Canada, Rocky Mountains area and the 
Great Plains, until the two inlets united in late Cretaceous time establishing a continuous 
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i* Gondwanaiand in rm middle and vrm Csmccocs (After Ahmad) 


sea way from the Arctic Ocean to the Gulf of Mexico Much of Mexico Venezuela and the 
Caribbean region was inundated During early Cretaceous the Sierra Nevada mountains 
were formed in western California and during the late Cretaceous the Rocky Mountains 
Revolution (Lanmde) took place not only m North America but also along thcline of the 
Andes mountains to Cape Horn in South America A large Wealdcn lake existed during 
lower Cretaceous in the south of England separated by a barrier of land in the north 
It was later invaded by the sea Glaciers covered eastern Australia Towards the dose of 
the period there were world wide crustal deformations and mountain budding move- 
ments accompanied by volcanic activity 

Samples of solid rock taken from the floor of deep ocean basins are found to be 
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not older than the Cretaceous Whether any deep sea deposits were laid m quantities 
during the pre-Cretaceous can onty be known from deep drilling on the ocean floors 
Dredgings from some flat-topped sea mounts in the Pacific Ocean have yielded a rudistid 
coral fauna characteristic of the shallow Cretaceous Tcthyan region It appears that the 
sea mounts were a chain of basaltic islands on which the rudistid coral fauna grew into 
reefs Later, the sea mounts were gradually submerged in the late Cretaceous times and 
finally to their present depth of 1200-2100 m Crests of major ridges, less than 1200 m 
deep, in Indian and Atlantic Oceans respeenvely are shown in Kg 61 and 62. They 
represent presumed sites of wider lands, which existed at least as extensive 
archipelagos, m the Mesozoic and early Ternary Periods 

Climate. Temperature was below normal during the early Cretaceous in North 
America The continent stood higher than at present, particularly in die west where high 
and wide mountains were formed at the time of Sierra Nevada RcvoluUon Glacial condi- 
tions prevailed in eastern Australia During the late Cretaceous when widespread marine 
transgressions took place, the climate was mild with some distinction of climatic zones 
In Greenland, winch is within the Arctic Circle now, fossil plants indicating mild climate 
have been found, and dinosaurs were common in Alberta Towards the close of the Creta- 
ceous, temperatures fell again, especially in the west, because of the formation of great 
mountains when the Rocky Mountains Revolution took place in North America 

In Gondwanaland, the climate continued to be humid even until the middle 
Cretaceous and possibly also towards the dose of it The climate on the whole was 
equable 

On the whole, the climate of northern hemisphere, and perhaps also of the southern, 
was much warmer and more humid during the Cretaceous than now This was because of 
theextensivemvasionofthcseaonall the continents as well as of the vast expanses of swamps 
that were formed in many places The forest swamps in Hungary, western United States 
Canada, Alaska and Japan gave rise to coal beds while the bunal of myriads of seaweeds 
and other organisms in shallow stagnant waters has been responsible for the formation of 
oil and gas in North America and other regions 


PLANT LIFE 

Considerable change in plant life of the world took place with the beginning of the 
Cretaceous Period The progressive modernization of the flora witnessed during the Jurassic 
had produced recognizable forms of modem genera of all the groups of the plant king- 
dom Some of the lower Cretaceous plant fossils from India are shown in Pi 58 
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Ptendophytcs 

Herbaceous lycopods, especially Lycopodium, Selagmella and Isoetes had already 
appeared in die Jurassic 

Eqtt isetum, the sole survivor of the diverse Palaeozoic articulates, continued from the 
Jurassic to the Cretaceous and the Ccnozoic 

Many forms of pterophytcs disappeared, leaving behind a few stragglers such as 
Naf/iorsfia alata, a lower Cretaceous fossil from Lugo San Martin, Patagonia, showing 
probable marattiaceous affinities The slender and tapenng pinnae of this fem, with anas- 
tomosing vein system, bore a row of densely crowded, circular synangia along each side 
of the midrib Although Anemia and Lygodium had already appeared, specimens looking 
like the Carboniferous KluKta soil existed during the lower Cretaceous of western 
Canada In these specimens, the ovoid and sessile sporangia were arranged in two 
rows on the pinnules 

Gleichemas were widespread and abundant Matomaceae was represented by Wetchselta 
and Matonidium Matomdwn indicnm, a lower Cretaceous form from western India, shows 
an upward flanng of the petiole into a funnel-shaped lamina, depicting a transitional 
phase to the leaf type of the Diptendaceae (Pi 58 9) 

The tree ferns during the Cretaceous referred to die genus Tempskya of Tempskyaceac, 
an extinct family, had unbranchcd columnar stems, 6 m. tall and up to 50 cm m 
diameter, tapenng upwards to a blunt apex A dense mass of hundreds of small leaves 
clothed die upper pan of die stem The trunk, especially in the middle and upper parts, 
consisted of many stems held together in a dense matrix of small adventitious roots 

Gymnosperms 

The gradually dwindling ptendosperms liad vanished during the Cretaceous 

The Jurassic Cycadeoids were still common during the early Cretaceous but dis- 
appeared later. Cycadales have continued to the present Comfenles, another 
dominant group of gymnosperms in the Jurassic, had considerably reduced An early 
Mesozoic conifer, Drcpanolepis, also occurred m die lower Cretaceous It resembled 
Araucaria, and the seed-scale complex consisted of one sterile scale and one sporophyll 
with, a single terminal inverted ovule The other important group, the Gmkgoalcs, -was 
eventually reduced to a single survivor, the modem maiden hair tree, Gitilgo btloba, 
which is a living fossil and is planted in temples of China (Pi 59) Some Jurassic genera, 
like Sphcnobaiera and others, however, continued upto the Cretaceous 

Angiosperms 

The extinction of several older groups of plants, decline of odiers, and the 
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emergence of modem forms were accompanied by the origin, progressive increase and 
sudden dominance of angiosperms More precisely, the angiosperm leaf impressions with 
the modem aspect first appeared during die mid-lower Cretaceous 

Some Important Cretaceous Floras 

In the early Cretaceous floras, ferns and gymnosperms dominated over the angio- 
sperms The western Greenland flora of this age included members of Glcichcniaccac 
and Matomaceac, cycads, conifers and Ginkgo, besides some monocots and leaf fragments 
of Artocarpus, Qtiercus, Memspermites, Platanus and other dicots 

From Portugal, Saltx, Araha, Brasentopsis, Myrica, Laurus, Viburnum, Eucaly plus. 
Magnolia and Sassafras have been described. Rogcrsta and Proteaephyllum have been found 
in tbe Patuxent beds as minor elements in a predominantly ptendophyte-gymnosperm 
flora The mid-lower Cretaceous flora of western Canada includes Popuhtes, Ficus, 
Trochodendrcndes, Cmnamomo\des, Celastrophyllum, Sapmdopsis, Ftmtamea and Arahaephylhm 
From England, Aptiana, Wodburma, Hytlua, Sabuha and Cantia have been described from 
fossil woods In the mid-lower Cretaceous deposits from Z)r)anha in the eastern Siberia, 
USSR, about 25 per cent angiosperms have been found amongst the predominant ferns 
and gymnosperms Some of these arc Ranuttculaccarpits, Sassafras, Cerctdtphyllum, 
Crataegites, DaJbcrgites, Celastrophyllum, Zizyphoides and Arahaecarpus Several of these 
were small-leaved 

The following families and genera are known from the mid-lower Cretaceous * 
Arahaceae (Araha, Araltaephyllum), Myncaccae (Myrica), Lauraceac (Laurus, Sassafras and 
Ctmiamemoufcs), Capnfohaceae (Pi&urmwi), Myrtaccac (Eucalyptus), Magnohaceac 
(Magnolia), Moraceae (Artocarpus, Ficophyllum), Fagaceac (Querou), Memspcrmaccac 
(Memspcrmites), Platanaceae ( Platanus ), Proteaceae ( Proteaephyllum ), Sahcaccac (Popuhtes), 
Trochodendraceae (Trochodelidrotdes), Celastrophjllaceae ( Celastrophyllum ), Sapindaceae 
(Sapindopsis), Ranunculaccae, Cercidiphyllaceae (Ccrcidiphylhim), Rosaceae (Crataegites), 
Teguminosae (Dalbcrgttes), Rhamnaceae ( Zizyphoides ), etc 

During the upper Cretaceous, the proportion of angiosperms m the floras showed 
a considerable increase over ferns and conifers The flora from the Rantan formation of 
New Jersey includes a few ferns, several conifers and about four-fifths dicot) ledons The 
lower-upper Cretaceous flora from the Dakota sandstone contains a few ferns, cycads 
and conifers, but predominantly angiosperms Similar aspect is seen in other upper 
Cretaceous floras 

Gymnosperms in the upper Cretaceous floras comprise Araucarias, Sequoias, 
Ginkgoes and c)cads The following families and genera of the angiosperms are met 
with Myncaceae (Myrica), Fagaceae (Quercus), Ulmaceae, Moraceae (Ficus), Proteaceae, 
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Salicaceae (Soft#), Magnohaceae (MagnoltophyUum), Trochodendraceae, Memspermaceae, 
Lauraceae {Cumatnomum, Latirus ), Rosaceae, Lcgurmnosae, Aquifohaceae, Celastraccnc, 
Accraceae, Rhamnaceae, Vitaceae (Vitts), Tihaccae, Passifloraceae, Myrtacene, Arahaccae, 
Comaccae, Ericaceae, Myrsinaceae, Sapotaccae, Ebenaceae, Capnfohaceac (Viburnum), 
Asclepiadaceae, Palmae (Safcahtes), Rhamnaceae (RImmihijs), Platanaccae (Phttomis), 
Fraxmac eae (Fra xt mis) and Anacarcbaceac (Pistaaa) 

By comparison it appears that several of the families and even genera are common to 
both the lower and the upper Cretaceous Out of 33 important families in the upper 
Cretaceous, 19 are those which extend from the lower Cretaceous Evidence of pollen in 
the Cretaceous largely substantiates the observation from megafossils that there is a progres- 
sive increase in angiosperms from the lower to the upper Cretaceous The pollen record 
equally brings out the occurrence of lughly evolved angiosperms in the lower Cretaceous 

Advances in Plant Life 

The Cretaceous Period holds an important position in the geological times for the 
origin and immediate spread of the flowering plants, which eventually attained dominance 
over all other forms of terrestrial plant life The culmination of evolution to the modem 
forms also took place in Cycadophyta and Comferales and even ferns Some plant groups 
like Beimettitales and ptendosperms became almost extinct A few early and mid-Mesozoic 
plant genera did pass over mto the lower Cretaceous, such as Phleboptens and Laccopterts 
(Matomaceae), Cladophklis (Osmundaceac), Cyathocaiihs and Obotiocauhs (Cyathaeaccae), 
Baiera (Guihgoalcs), Pagtophyllum (Araucanaccae) and Sciadop ttys and Sequoia (Taxodiaceae) 

Amongst the new forms of plant life that originated, flourished and became extinct 
in the Cretaceous may be mentioned Tempslya (Tempskyaccae), sharing characters 
of the Cyathacaceae, Hemiteha crenulata and Todea barhara (Osmundaceac) Similarly, 
Araucanopit) s amencana, a mid-Cretaceous conifer from the Staten Island, is transitional 
between araucarian and abietmcan conifers Cephalotaxaceac also seems to have originated 
in die lower Cretaceous Although pines existed during the early Cretaceous, they 
increased in numbers in the upper Cretaceous Prcpitm, the ancestral form of Pinaceac 
and a link between the pines, the cedars and the larches, existed in die lowermost upper 
Cretaceous at Kreischerville in Staten Island Most recent genera of conifers, cycads and 
ferns originated during the Cretaceous and early Ccnozoic The plant life on the earth Jiad 
already become as modem in aspect as it is today, although many present day spcacs 
originated much later 

The appearance of angiosperms ranks as one of the most outstanding strides of plant 
evolution during the Cretaceous We nonce their gradual and progressrv c nsc from the 
lower to the upper Cretaceous until the group suddenly assumes dominance o\er die 
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others and retains it until today Occurrence of stray angiospcrmous remains in the 
form of pollen, seeds, fruits, stems and leaves have also been brought to light in the pre- 
Cretaceous horizons The highly evolved nature of the lower Cretaceous angiosperms 
and their widedistnbution in the upper Cretaceous have been ated to indicate 
the origin of this group in pre-Cretaceous periods, but undisputed factual evidences are 
lamentably lacking Most theories propounded have not been supported by factual evidence 
and practically no transitional forms are known The primitive characters in angiosperms, 
established through comparative morphology of modem forms, arc not displayed by the 
Cretaceous angiosperms Even the hypothetical ancestral forms visualized by Arbcr and 
Parian and later by Hamshaw Thomas have not found any counterparts in the Cretaceous 
angiosperms and plant fossils known from the earlier periods Some of the Jurassic gymno- 
sperms, Caytomalesfor instance, once regarded as the immediate ancestors of angiosperms, 
are no longer accorded that honour Despite numerous theories and the supposed factual 
evidences, the origin of angiosperms still remains an. unsolved problem. It is, however, 
encouraging to find evidences of biscxuahsm, net-vemed leaves, enclosed seeds, sonic 
anatomical characters of secondary' wood, and furrows m the pollen of some pre- 
Cretaceous ptendosperms and gymnosperms, which tend to show that some of the angio- 
spermous characters, if not angiosperms, had already originated since the Palaeozoic 

ANIMAL LIFE 

The Cretaceous saw some major advances in the evolution of animal life 
Foraminifers 

The foraminifers were extremely abundant Microscopic forms make up the bulk of 
the chalk deposits They also occur in vast numbers m all oil-beanng rocks and geo- 
logists engaged in search for oil, make use of them in correlating oil-bearing horizons 
Of the larger foraminifers, Orbitohna became important in the low cr Cretaceous and 
Orbitoides m the upper Cretaceous 

Sponges 

Siliceous sponges were abundant Flint nodules of the chalk beds of England and 
France are the dissolved siliceous spicules of sponges, re-deposited together with silica 
from other organisms 

Corals 

Solitary corals, likeParasmifuj, were widespread, but reef corals were more localized 
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than before- As in the upper Jurassic, the coral reefs were generally formed in the Tethys. 
No corals have been found in the lower Tnassic rocks, perhaps due to cold that prevailed 
during the earliest Tnassic. The corals re-appeared in the middle Tnassic, but these 
including Parasmlta belong to an entirely new order, Scleractinia (Hcxacorallia), m 
which the septa were in multiples of six. 

Echinoderms 

The cnnoids became less important than in the Jurassic, but have survived to the 
present day by improving their feeding apparatus The food-grooves, earned on arms, 
now reached the surrounding water. Some sea-urchins, like Ctdarts, maintained the 
radial symmetry which gave them freedom of movement in all directions, unlike some 
Jurassic forms, which took to the two-sided symmetry, enabling them to move in one 
direction only The mouth moved to the underside and its posterior margin was bent 
down into a scoop for mud-eating These changes were perfected during the Cretaceous 
Period in the heart-shaped Mtcraster, a characteristic and often the most common fossil 
in the upper Chalk beds. 

Bracluopods 

Although the brachiopods were still individually abundant, the small number of their 
genera, mainly of the sub-orders Terebratulacca and Rliynchonellacea, found in the 
Cretaceous, showed that they were on the decluic. 

Molluscs 

In die Palaeozoic Era, the shells of coiled, single-chambered gastropods were 
smooth, bearing only the markings of growth lines and at times also some swollen 
projections as ridges or ribs In the Mesozoic Era, the surface ornamentation was 
intensified, not only with a delicate network pattern, but sometimes with knobs and 
spines developed at the points of intersection of nbs and spirals During the Cretaceous, 
the molluscs became more varied and numerous than in the Jurassic; and since the close 
of the period, there has been increasing ornamentation of the shells. Though gastropods 
were essentially marine, one stock took to living bodun freshwater and on dry land 
during the period For breathing air, die mantle cavity wis modified to function as a lung. 

Hie lamelhbranchs progressed well with increasing numbers, as several modes of 
life Yvere opened to them. An interesting feature about the lamelhbranchs was that 
quite unrelated types, by adopting similar modes of life, had developed similar shapes, 
providing an instance of the principle of parallel evolution One genus, known as 
Hippuntcs, adopted a sedentary mode of life. It fixed itself to the sea floor by one valve and 

12 
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grew into a conical columnar, coral-like pattern about a metre or so in height by secreting 
lira) material, la) er after Ia)er The other valve acted as a lid on the top of the column 
The Hippimtes and related forms established themselves in the w arm waters of the Tethys 
and even built reefs The fossil record of the Hippuntes provides a classic example of con- 
vergent evolution Other characteristic lamelhbranchs of the period include Gryphea, 
Exogyra, Pecten and Inoceratmis Gryphea grew into a large size, while Exogyra developed 
curv cd, oyster-hhe shells O) sters w ere abundant, some show cd a great degree of adapta- 
tion and produced a vanet) of shell forms smooth, thick, ornamented, and often frilled. 

The ammonites were m the last stages of their existence The) evolved rapidly m the 
late Palaeozoic, and m spite of some great setbacks became the most significant inverte- 
brates of the Mesozoic. At the beginning of the Tnassic, 10 families were known, which 
increased to 29 families, but nearly disappeared at the end of the period and onl) 2 out 
of the 29 families survived. These successful forms cv oh ed m man) directions and gav c 
nse to 22 families b) the end of the Jurassic, hut onl) 8 families survived till the 
Cretaceous These flourished steadily with m creasing numbers and varieties up to the end 
of the Cretaceous when they lost their vitalit) and fell back to the simple septal folding of 
the earlier times and took to uncoiling as in ScapJutes Some even became straight, such as 
Bacuhtes or dev eloped irregular forms sunNtppemtcs, found in Japan and finall) they died 
out without leaving an) successors The Jurassic and Cretaceous ammonites were quite 
distinct from those of the Tnassic, for the latter nearl) disappeared at the end of the period 
and completely new pattern of evoluuon began with two basic stocks for the remainder 
of the Mesozoic These were the Lytocerands [Lytoceras- t)pe) and the Ph)lloceratids 
(Phylloceras- type) In the lytocerands, shells were rather loosely coded, ornamenta- 
tion weak or absent, and sutures had acute dcnticulation of lobes and saddles The 
phyllocexatids were* similar to the lytocerands but with a leaf-like pattern of sutures 
These two basic stocks dominated the Tcthyan geosynchnc, and the other forms which 
formed the great majont) of the ammonites were denved from them as new stocks that 
inhabited the shelf seas bordering the Tethys The faunas of the shelf seas were thus con- 
tinually invaded and occupied by newcomers from the Tethys Diverse and highly 
specialized ammonites, with comparatively thick ornamented shells, accordingly evolved 
m the shelf sea areas Thus from a few ancestral stocks, the ammonites of the middle and 
late Mesozoic progressed along numerous parallel lines "in which the constituent members 
reveal their common ancestry by their basic resemblance and their separate adaptations 
to a variety of habitats and modes of life by their detailed differences" Consequently, the 
ammonites afford man) examples of parallel evolution 

In the Jurassic and Cretaceous a genus of cephalopods, Belemmtcs, became abundant 
and widespread. Unlike the ammonites, their shell was internal and consisted of a 
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cigar-shaped solid mass of lime with only a small-chambered portion This agar-shaped 
mass is called the ‘guard’ and is usually preserved as a fossd From its dart-like appearance 
it was thought to be the substance of thunderbolts and some village folk carry it about 
as a lucky stone. The animal did not live inside the shell but secreted a protective cover- 
ing around it Behmtutes lived in muddy waters From the impressions of the soft body, 
sometimes preserved in die rocks, it appears that the creature closelj resembled the 
modern cuttlefish and had a store of sepia ink which could be ejected to envelope 
its foe in a ‘smoke cloud’, if need arose The evolution of the cephalopods seems to have 
progressed towards the development of mobile and active mode of life For this, the 
cephalopods struggled to lighten their shell or to do away with it The shell-bearing 
cephalopods achieved mobility as well as buoyancy through complex folding of the 
septal margins strengthening the shell against water pressure This, madentally, helped 
keeping the body firmly fixed in its living chamber The Coleoidca group of cephalopods 
after a long drawn struggle, completely disposed of the shell At first the animal lived 
within the shell, later, the body completely enclosed the shell, as in Belemntcs, and as 
time went on, the shell grew progressively smaller and smaller Shell-less forms are 
seldom preserved as fossils, but it seems likely that the octopus, which “with its wicked 
eyes and weird body, at times fired the imagination of the writers of fiction”, is the 
culmination of the evolution among those cephalopods which got nd of their 
shells By discarding the doubtful advantages of a shell for speed, the octopus has 
attained die highest degree of sense and intelligence exhibited by the molluscs Tins 
is in accordance with an important evolutionary principle “Progress follows the 
lines of a reduction in number of parts and increasing specialization of die few that 
remain”. 

Insects 

The winged insects first appeared in the upper Carboniferous and have since increased 
steadily in\ancty and numbers The earliest evidence of the occurrence of modem bees 
and flies is from the Cretaceous of Utah in USA Their entry into die world probably 
coinaded with that of the angiosperms, indicating the inter-depcndencc of life The 
angiospcrms furnish food for the insects in the form of nectar and pollen and in return 
the insects act as agents of pollination Widi the flow enng plants came nuts, fruits, etc 
The development of insects and flowering plants during the Cretaceous was benefiaal 
to die small mammals and birds who could now live on the highly concentrated 
products of flowering plants or on die insects subsisting on diese plants With die nsc 
of the flowenng plants, die mammals and buds moved steadily towards complete 
ascendancy 
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Fishes 

In the realm of fishes, the telcosts completely displaced their more primitive 
holostean ancestors from the oceans of the early Cretaceous Period. The telcosts had first 
appeared late in the Jurassic. The mam reason for their success was that their skeletons be- 
came completely bony, a feature that afforded a strong framework for the attachment of 
muscles Their scales, though remained thin, were sufficiently strong to give them ample 
protection 

Reptiles 

Such reptiles which surviv cd the drought of the Tnassic and entered the Jurassic, 
distributed themselves m the Cretaceous on land, and m thcairandsca Man) were irn suited 
to survive m the great struggle for existence and contrived to live with a covering of 
defensive armour Tuceratops was t) pical of the herbivorous dinosaurs v. hich specialized in 
a defensive armour They were huge animals, more than 6mm length and standing 3 m 
high, with three horns, each more than a metre long They dev eloped bony frilled sluclds 
to protect the head and neck and when attacked, would stand in defence and wait until 
their foes would be transfixed on their horns (Pi 60) 

Other herbivorous dinosaurs included Trachodott or duck-billed dinosaur and 
Atikylosaurus or armoured dinosaur Trachodott was about 9mm length and 
stood about 5 m high It had a powerful crocodile-like tad and it lived parti) on 
land and partly m water Ank) losaurus was about 6 m long and its low dump) 
body was completely protected by long plates that extended into spikes (Pi. 61) lguanodon 
was a gigantic reptdc, so named because of its teeth which resembled the modem lizard, 
iguana, found m tropical America It was about 15 to 20 m long and 5 to 6 m 
in height and its formidable skeleton is shown in the British Natural History Museum 
The flying reptdes species of Pterodactyl, reached their maximum dimensions from the 
size of a sparrow to giants with wing spread of about 9 m Some forms allied to 
Pterodactyl probably had wings too weak to raise the heavy body through the air so that 
they could not fly well, and their legs were also too weak to carry the great weight, and 
hence they could not walk satisfactonl) They could not comfortably sit down cither, 
because the elbows would get in the way, unless they sat perched on the top of a cliff from 
where they could float in the air like gliders to swoop down upon the prey and then 
laboriously climb the cliff again The camiv orous Tyrannosaurus w as the king of dinosaurs 
(Pi 60) It was 10 to 16 m long and when standing on its hind legs, its head would nsc 
6 m up m the air Its small arms w ere provided with viaous claws and the mouth with 
huge teeth for tearing flesh Its 6 m long tail balanced the bod) and was used as a club 
for fighting 
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The largest flesh eating dinosaur known was Tyrannosaurus two of which are shown attacking the herbivorous, 
horned dinosaur, Triccratops 



Pauttv tg Charles R. Rjvght; Courtesy Chltago Natural History Muset 

WESTERN CANADA IN THE CRETACEOUS PERIOD 

The land was low, well watered and covered with numerous iwimpi. Moit of the dinosaurs were harmless, 
plant-eating forms of the Ornithlschla group of reptiles, characterized by bird-like pelvic bones. Two types of 
duck-billed dinosaurs can be seen— three large, uncrested ones to the right, and two types of crested ones In 
the left background In the middle foreground is a heavily armoured, four-footed dinosaur covered with bony 
plates and spines. In the centre background are two ostTieh dinosaurs— tall, slender animals with the general 
proportions of an ostrich, but with short forelegs and a long, slender tail 




DURING MUCH OF THE CRETACEOUS PERIOD, A SHALLOW INLAND SEA COVERED THE 
WESTERN HALF OF THE MISSISSIPPI VALLEY 

Three reptile* characteristic of thu time and place are ihown in the centre 11 a large mouiavr, about 9 m 
long, to »be right is a marine turtle, and flying in the left background are a number of reptiles of the genus 
Pteranodon 


Courtesy GSI Calcutta 


SOME CRETACEOUS ANIMAL FOSSILS FROM INDIA AND NEIGHBOURING COUNTRIES 

1 , hautilus (Hercoghssa) dameus Schloth 2 (a &.b) Hanlastrr tlJhan i Fourt 3 (a K b) Card ta [I'encruarJia) biamnouti d Arc' 
4H,4 Sehltatbad ta mflau Sow (1 & 4 Cephalopoda 2, Eclimoidca 3 Lamcllibranduaca) 
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In the seas, ichthyosaurs and plesiosaur continued to live, though lesser in numbers. 
They were joined by highly specialized marine reptiles, called mosasaurs, which were 
gigantic long-tailed marine lizards (PI 62). 

Space forbids mention of other bizarre forms of dinosaurs The problem of most 
particular interest is their sudden disappearance The events that marked the close of the 
Cretaceous had their bearing on these animals. There were mountain building activities and 
fall of the sea level on a vast scale resulting in general dryness and elimination of swamps 
m most places Many organisms which were unable to adapt themselves to the changed 
environment died out, while others survived by undergoing modifications to suit the 
new conditions The dinosaurs were an ancient race that had passed their prime of life by 
over-specialization with the development of huge external defensive armour without 
corresponding development of brain, and nerves Tnccratops had a skull 2 m long, but its 
bram \\ as of the size of a kitten’s Most forms were adapted to a particular type of envir- 
onment and the change to new conditions came about so suddenly that they found little 
time for adjustment to circumstances and, therefore, became extinct. Only the simplest 
types, succeeded today by the lizards, crocodiles, turtles and the legless snakes, survived. 

Mammals 

The scarcity of fossil remains of mamnul-bke reptiles makes it difficult to assess their 
development m the Cretaceous Period Their teeth suggest that there were two groups, 
one of plant-eaters, and the other with sharp teeth, apparendy of flesh-eaters They were 
small animals resembling modem hedgehogs or shrews and sufficiently hardy to survive 
the changing conditions and to assume die supremacy which the dinosaurs previously had 
It is probable that they were the ancestors of pouched animals known as Marsupials, of 
which the opossums arc modem representatives in South America and New Guinea, and 
kangaroos m Australia Kangaroos reached Australia before the middle of the Cretaceous, 
when land connection between Australia and South East Asia was sev cred. Placental or 
more ad\ anced type of mammals also originated before the close of the Cretaceous 

Cretaceous Fauna of India and Neighbouring Countries 

The Pon di cherry-Tim ch irapalh sector is of great palaeontological interest as it 
contains more tlian 1000 species of extinct organisms which include polyzoa, cnnoids, 
echinoids, corals, brachiopods, lamelhbranchs, ammonites, gastropods, fishes and dinosaurs 
The lamelhbranchs and gastropods are the most abundant. Ammonites form the most 
important pan of the fauna with ISO species. 

These rocks, from the base upwards, arc divided into four principal stages * 

(1) Utatur stage, consisting of fine silts, calcareous shales, sometimes with a coral 
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limestone Ammonites number 100 speaes and include species of Schlocnbacha, 
Acanthoccras, etc. besides Nautilus neocomlensts 

(2) Tiruchirapalh stage containing sands, clays and shore beds intercalated with shell 
limestones There are 27 speaes of ammonites belonging to Pachydiscus, Scaphitcs, etc. 

(3) Anyalui stage, chief!) made up of white and green sandy strata, usually un- 
fossiliferous, but towards the upper and lower parts of the succession, there arc calcareous 
gnts and shales full of fossils Ammonites arc represented by over 50 species belonging 
to the genera Pachydiscus, Bacuhtes, etc. Among the numerous lamcllibnmclis and gastro- 
pods, the C)pracidac and Volutidae arc particularly well represented 

(4) Nuuyur stage constituting die uppermost bed with characteristic Daman fossil. 
Nautilus (Hereof! ossa) dameus 

The fishes are represented by 17 speaes The dinosaurs arc well represented but 
unfortunately are too fragmentary for reconstruction Families represented include 
Titanosaundae, Allosaundae and Omithomimidae Three Indian sauropods occur also 
m South America, in the younger beds, suggesting direct land communication between 
the two countries No Cretaceous mammals have )ct been found in India 

In Baluchistan and Sind, the lowest Cretaceous beds, known as ‘Belcmmte beds’ 
contain abundant Hibohtes subfusiformis, similar to forms found in the corresponding beds 
in Malagasy In the succeeding beds are found Sphaiodiscus , Pachydiscus, Jnoceranms, 
Hippuntes, etc known from rocks of similar age in Europe. The top beds are characterized 
by Cardita bcaumouti, a lamelhbranch with a globose shell The Belcmmte beds 
extend into the Salt Range of Pakistan through Wannstan Here, Hi bohtes subfusiformis 
is the most characteristic fossil which occur assoaated with Neocomttes, Dlanfordiccras, 
etc allied to the forms in the Mediterranean and Malagasy Blanfordiccras also occurs 
in the Spiti shales in the central Himalayas together with Bclemtutcs, Hippuntes, and 
forammifers 

In Assam the Cretaceous of Khasi hills contain Pachydiscus, found also in the 
Pondicherry -Tiruchirapalh sector Ncocomitcs, Schloeniachia, Acanthoccras, Pachydiscus, 
Inoceramus, etc of the P ondicherxy-T michirapalh sector have also been recorded from 
the Indonesian region Not much information is available on the Cretaceous rocks of 
Burma but Cardita bcaumouti has been found in the Arakan Yoma, though no ammonites 
are recorded. Some of the Cretaceous animal fossils from India and naghbounng 
countries are shown in PL 63 
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CHAPTER FOURTEEN 

THE TERTIARY PERIOD— I 
Paiaeogeography 


With the disintegration of Gondwanaland towards the end of die Cretaceous, 
the continents acquired their present features, their shapes, the great mountain systems, 
the courses of the nvers, the great plains, and the climatic zones The Cenozoic Era that 
followed the Mesozoic is continued up to the present It began about 60 milhon years 
ago and is relatively a short period in terms of geological time and the history of 
evolution of plants and animals 

Cenozoic Era is divided into two periods— the Tertiary and die Quaternary The 
Tertiary is sub-divided into five Epochs The name of each epoch ends with the suffix, cctte 
(Greek— recent), and refers to the progress of life Originally it was done on the basis of 
the percentage of living species of molluscs found in the rocks, but later, certain marked 
palaeontology characters as well as physical events tv ere included The Ternary Period 
has been studied in greater detad than any other period partly because its flora and fauna 
bear close similarities to die living forms, but mainly in search of petroleum, of which 
more than 50 per cent of the world production comes from die Tertiary rocks 

The sub-divisions of the Cenozoic Era arc shown below with their approximate 
durations 


Quaternary 

Period 


Cenozoic 

Era 


Ternary 

Period 


Recent Epoch 10,000 years 
Pleistocene Epoch 1 milhon years 
(most recent) 

Pliocene Epoch 7 million years 
(more recent) 

Miocene Epoch 12 milhon years 
(less recent) J 

Oligocene Epoch 15 mdhon years ' 
(little recent) 

Eocene Epoch 15 milhon years 
(dawn recent) 

Paleocene Epoch 10 million} ears 
(anaent recent) 


Neogene Period 


Paleogene Period or 
Nummuhtic Period 
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The continent of Gondwanaland had already split up into its integral parts towards 
later part of upper Cretaceous The dnfnng apart of continents was facilitated by the 
great overflow of lavas, such as the Strombcrg lavas of South Africa, the Scrra Geral 
voleames of South America and the Deccan traps of India As a result of these earth 
movements, considerable parts of the marginal areas of Gondwanaland broke off and 
sank into the oceans The Tcthys had already been shallowed m the upper Cretaceous 
The intermittent mountain building continued throughout the Tertiary, as a consequence 
of which the great equatorial mountain systems such as the Atlas, the Pyrenees, the 
Alps, the Caucasus, the Him ala) as and the Malay Arc were formed (Fig 63). 

The Tertiary, in most continents, was a period of earth mov ements, mountain building 
and volcamsm The most affected regions were the Tethys and the land bordering the 
Pacific Ocean The region that suffered from greatest disturbances is south-east Asia 
which lies at the junction of the great Teth) an zone of disturbance and the arcum- 
paafic girdle of v oleanoes and earthquakes Here, continued crustal unrest resulted in 
repeated uplift and subsidence of land and frequent volcanic outbursts The West Indies 
in the Caribbean region, was also affected by crustal disturbances and volcamsm The sea 
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advanced over the Gulf Coast, and as the Mississipi delta grew seaward, the bottom of 
the Gulf of Mexico subsided to receive about 12 200 m. thick Ternary sediments m 
eastern Texas and Louisiana Plugs of rock salt or salt domes, as they are called, penetrated 
into the overlying strata of the Gulf coast The major oceans remained without much 
change There were, however, frequent encroachments of the seas over the coastal areas 
In India and the neighbouring countries. Ternary deposits are widely distributed and 
can be traced continuously from the Makran coast of Baluchistan through the Himalayas 
to eastern Assam and then to the Arakan region in Burma In peninsular India, they 
are found as scattered outcrops along the east and west coasts 

The type areas of the early Tertiary deposits for India are in Sind in Pakistan Here, 
the Paleocene is represented by the Ranikot beds The marine Eocene beds are seen more 
or less continuously in Pakistan from the Arabian Sea northwards, through Smd, 
Baluchistan and the North-West Frontier to the Salt Range and the Kala Chitta hills 
of the outer Himalayas, and in India from Jammu to Garhwal along the southern 
base of the Himali) as On the west side of the Peninsula, manne lower middle Eocene 
is known around Surat and Cambay, and across the Gulf of Cambay in Kathiawar and 
Kutch In Rajasthan, the Eocene rocks fringe around the Jurassics in Jaisalmer, and also 
occur in the isolated area m Bikaner where lignite is mined In Assam, the Eocene is 
represented by Jaintu rocks in the southern and eastern parts of the Shillong 
plateau, and by the Disang beds in upper Assam The Andaman and Nicobar 
belt of the Eocene rocks stretches to upper Burma through the Arakan Yomas on the 
one hand and to Indonesia on the other The Ohgocene is unrepresented in the Himalayan 
region The Ohgocene deposits, however, occur in Smd and Baluchistan in West Pakistan, 
and m Gujarat, Assam and Andamans and Nicobars in India, and m Burma The marine 
lower Miocene formations adjoining the Arabian Sea in Sind and western India are 
known as the Gaj Senes They are known to interdigitate with the Manchhars of West 
Pakistan The Manchhars are partly estuarine, but mostly fluvutile. Further north, the 
Miocene is present as fresh- to hraddsh-watcr deposits comprising the Murrcc Series of 
the Potwar plateau in West Pakistan and their equivalents knowm as the Dagshais 
and Kasa tills of the Himalayan foothills in the Simla area 

From upper Assam along the front of the Naga lulls, and passing mto East 
Pakistan and the Arakan coast of Burma, the Surma Scries is lower Miocene and at least 
partly manne Shallow' marine fauna of lower middle Miocene occurs south of the Garo 
hills, andan equivalent is known in Onssa, beyond the Bengal alluvium while the Quilon 
limestone m Kerala is now regarded as probably about middle Miocene- The principal 
Ternary deposits of western and northern India arc the fluvutile Siwahks with well 
known v ertehrate fauna- The Siwahk system (middle Miocene to lower Pleistocene) forms 



186 


EVOLUTION OF LIFE 


the low outermost hills of the Himalayas along the entire length from the Indus to the 
Brahmaputra In the east, the Tipam Senes of Assam continues the Surma sequence, hut 
is non-manne in Indian territory, and becomes marine along the Arakan coast of Burma 
The Cuddalore and Rajahmundry sandstones of the east coast and Warkalli beds of the 
Kerala coast may be late Miocene or early Pliocene 

The formation of the Dcccan trap, to which reference has been made earlier, 
continued in the Tertiary Period. By far the greater part of 'western India is made up of 
the Deccan trap co\ enng an area of 322,900 sq km Ongmally it had a much greater 
area, probably covering 800,000 sq km, outlying patches of the trap occur in Smd, 
Kutch Bihar, and coastal areas of Andhra Pradesh The Deccan trap is known to be 
younger than the middle Cretaceous, for near Hyderabad, West Pakistan, drilling 
for oil has shown that the base of the trap lies just below the Cardita bcaumovh 
bed of upper Cretaceous age On the other hand, most of the trap of the peninsula proper 
has been referred to the Eocene or even to the Ohgocene as it rests on the lacustrine Lamcta 
beds near Jabalpur con taming fossd fish remains indicating 3 lower Eocene age , and manne 
intercalations m the eastern margin near Rajahmundry in Andhra Pradesh certainly 
suggest an Eocene age Thus, the formation of the Deccan trap began m the uppermost 
part of the middle Cretaceous and continued into the Eocene or even later A few crater- 
like forms arc seen in Gimar hill, Rampur, Dhank, and Chogat-Chamardi m Gujarat, 
and near Bombay 

In Maharashtra, the Sahyadn mountains, known as the Western Ghats, arc made 
up of the Deccan traps which attain a thickness of over 2100 m (PL 57) The 
parallelism of the Western Ghats escarpments to the sea coast suggests some connection 
between the two The trap which must have once stretched westwards over a large part 
of the Arabian Sea, may have been submerged beneath the sea by a system of parallel 
faulting Sir Edwin Pascoe has remarked that the relics of this sunken portion of India, 
with remnants of relief features still preserved, have in factbeenlocated below the Arabian 
Sea by the John Murray Expedition A mollusc, named as Cretnnocoticlms sahyadrensts by 
W T Blanford, lives on vertical rocks kept w et by the spray of w atcrfalls It is unknown 
anywhere else and is so closely related to Indian forms of the littoral marine genus, 
Lttorwa, as to have a common ancestry, indicating that the Western Ghats vv ere once 
washed by the sea If this is so, then there must have been a long period of erosion since 
the scarp was a sea-cliff, and was produced by faulting m early Tertiary times And later, 
a genera] uplift of the coast as a whole at a comparatively recent date has been responsible 
for the formation of the narrow, regular, low-lying stnp m Maharashtra and Mysore, 
known as the Konkan Pascoe thinks that it is possible that the isolation of various plateaus 
in southern India, and the denudation of the Palghat Gap, south of the Nilgui plateau. 
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are due m part to the marine invasion, of the same date as die formation of the Ghats’ 
scarp The formation of the west coast must date from some epoch prior to lower 
Miocene, since marine lower Miocene deposits, known as the Gaj beds, occur in Gujirat, 
and in Sind, West Pakistan 

At the dose of the Deccan Trap Period, earlier than the formation of the Gaj beds, 
land conditions prevailed further west beyond the present coast line South of the Deccan 
trap country, the absence of any large valleys in the peninsula draining westward indicates 
that the present position of the shore line is of more recent origin than that of the east 
coast The easterly trend of most of the peninsular drainage is probably of very old 
age, and as shown by its marginal patches of Cretaceous and Ternary marine sediments, 
the east coast has been maintaining more or less its present position since lower Cretaceous 
times 

In the extra-peninsular region, large masses of granite penetrated die central 
Himalayan region, mainly at the end of the Eocene and in the Miocene during the 
upheaval of the Himalayas 

Eastern Hemisphere 

Palcoccnc-Eocenc Perhaps the most intense crustal movements in the Ternary 
history of Eurasia were in the Tethyan region These movements resulted in the formation 
of the Alpme-Himalayan mountain system In Europe, following the great manne trans- 
gression at the end of the Cretaceous, the North Sea once again spread over the whole 
of north-west Europe, burying under irswaterDenmark, Holland, Belgium, north-western 
France and south-eastern England In the Pans Basin, alternating marine and non-manne 
depositions took place during Paleocene to Obgocene times In the south, the Tcthys 
held its sway over the countries bordering the present day Mediterranean Sea and had 
established a connection with the Atlantic across southern Spain and Morocco 
Through the Middle East, it spread into West Pakistan, western India Kashmir and in 
the mam region of the Himalayas to as far as Lhasa an Tibet On the eastern side of the 
Urals there was a sea-way from the Tcth>s joining the Arctic. 

Earth movements during late Eocene uplifted the central axis of the Himalayas and 
the sea retreated southwards from the two ends of the rising Himalayas There were 
thus two principal gulfs, the Smd-Baluchistan gulf extending through Gujarat, western 
Rajasthan Punjab, Simla and Nepal, and the eastern gulf, sub-diwded by the 
Arakan Yoma ndge into the Assam gulf and the Burma gulf These two gulfs of Assam 
and Burma became more and more widely separated from each other by the continued 
uplift of the Arakan Yoma and the Naga hills Extensive deltas spread out at their upper 
reaches Fig 64 shows India and the adjacent countries during late Eocene. 
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Much of Indonesia was land and so was Australia throughout the Ccnozoic, except 
for some minor encroachments of the sea along the north and south coasts of the litter. 
During these epochs, there were a few marine embayments In New Zealand, the 
earliest Cettozoic seas seemed to have spread over the eastern side of the South Island 
and North Island, and by the middle Eocene, the sea spread further inland in South 
Island and also flooded its western coast 

Oligoccnc. The sea advanced and retreated along the margins of the continents 
Uplift of land was more prevalent than subsidence The uplift of land resulted in the 
creation of lagoons, islands and lakes The south-eastern coast of England and the Pans 
Basin became dry land, but a wide sea-way extended from the Caspian Sea across Poland 
and Germany joining the North Sea with the Tethys The Alps came mto existence, 
and with their emergence the end of the Tethys started in the Mediterranean region. To 
the north of the nsmg Alps, the sea was narrow and became lagoonal In central Europe, 
stream and lake deposits were formed at some places between the Tethys, the North 
Sea and the Atlantic There were also fruited basins within the Hercyman massifs where 
Ohgocenc sedimentation gave rise to lacustrine deposits Turkey and parts of Iran rose 
from the sea bottom The Himalayas, which had started rising above the Tethys, 
were further folded South of the Himalayas, a large fresh- to biackish-watcr basin 
developed. The Smd-Baluchistan gulf retreated from the Himalayan region and northern 
Punjab until its head lay south of the BugU hills in Baluchistan Thus, in the Ohgocene 
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and succeeding Miocene nmes there was sea in Smd-Baluchistan, Kutch-Cnmbay and 
western Rajasthan The Assam and Burma gulfs persisted but the sea retreated south- 
wards bang replaced by fluviaulc deposits In West Pakistan, western India, Assam 
and Burma, accumulation of organic nutter under different conditions gave rise to the 
formation of coal and oil The communication between the Indian seas with 
the Tethys of southern Europe must hive been well maintained till the middle of 
Ohgocene, since the faunal relations between the two regions persisted and in fact increased 
during the lower Ohgocene Much of Indonesia was flooded There was volcanism in 
Sumatra, Java, Borneo, Japan and Korea and in the Caspian Sea region 

In Africa, the close of Ohgocene witnessed the emergence of Algeria and Tunisia 
There was some volcanism in Libya 

During the Eocene and Ohgocene, extensive lake basins occupied eastern Australia 
and Tasmania 

Miocene. In the beginning of the Miocene Epoch there was some advance of the 
sea, but on the whole, this was an age of mountain building and general uplift All the 
great mountains of the present day were cither bom or rose by appreciable heights The 
site of the Pyrenees which was a mere foreshore of a sea-way that separated Spam from 
France in the Ohgocene was filled up with the shells of dead nummuhtes and gradually 
rose up to an east-west range The Alps, already bom in the Ohgocene, grew bigger, 
the Apennines came into existence as also the Drnanc Alps, the Balkan mountains and the 
Carpathians, as well as the Caucasus Durnig most of this epoch Great Britain remained 
above the sea The North Sea was limited to a gulf between Scandinavia and British 
Isles There was no English Channel The Tethys shrank in size and an inland sci came 
into existence on the north of the Alpine cliain, and stretched from southern France 
through the Danube basin to southern Russia Anatolia (Turkc)), Arabia, etc. continued 
to be land areas Some isolated manne and fluviatilc basins that came into existence 
carter a&o persisted and new ones sprang up in Spam, Germany, Fo/and, Algeria and 
Tunisia The Mediterranean Sea remained connected with the Arabian Sea across Iraq 
and Kuwait The lower Nile was submerged beneath die Mediterranean Sea, which 
advanced to Cairo and beyond 

On die coastal areas of Sind and along the Cambay region, manne conditions pre- 
vailed Elsewhere in Smd and m the depression formed in south of the rising Himalayas, a 
combination of rapid uplift and subsidence caused die deposition of 4500-6000 m. duck 
fluviatilc sediments over the fresh to brackish Murrces (lower Miocene) This great 
tluckncss of terrestrial sediments denved from the erosion of the rismg Himalayas arc 
known as the Siwalik system It records the sedimentation from middle Miocene Co 
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lower Pleistocene and has yielded a variety ol fossils indicating a wide range of climatic 
conditions, from humid to and 


Middle Miocene to lower Pleistocene— The Siwahk System. The Siwahk 
system has been divided into three divisions as follows* 


{ Boulder Conglomerate Beds 
Pinjor sandstones 
Tatrot sandstone 


First Glaciation 
Lower Pleistocene 
Pliocene 


Middle SvwaUks 


Dhok Pathan — Gra\ els, brown sand- 1 
stones, shales and clays >• Upper to middle Miocene 

Nagn — Grey sandstone and shales J 


Lou er Siwahks 


Chinji — Bnght-red shales and sand- 
stones 

Kamlial sandstones 


Middle Miocene 


The Siwahk or Indohrahm river. From the north-eastern comer oi Assam, a 
mighty nver flowed in the western direction along the foot of the Himalayas as far 
as the Potwar or Rawalpindi plateau, a basin in West Pakistan, where it joined 
the Indus which emptied itself in the Arabian Sea then lying further inside Sind Tins 
nver has been called the "Indohrahm” or die Siwahk nver It rcccn cd on us nght bank 
the nvers of the Gangetic system as well as the Punjab nvers of the Indus system On 
its left bank, it might have received the ancient Son, Chambal, etc from the peninsular 
India The mighty Indohrahm flourished from the Miocene to the Pliocene for about 
20 million years Dunng this penod, its basin, 6000 m deep, was filled wnth 
mud sand gravel boulders, logs of wood and skeletons of dead animals that lived 
in the neighbourhood An excessive thickness of sediments accumulated as the basm was 
gradually sinking in response to the rising Himalayas m accordance with the principle 
of isostasy 

Although there can be no doubt about the existence of Siwahk nver from the vicinity 
of Naim Tal to the Arabian Sea, its contuidation further eastwards along the whole length 
of the Himalayan base to Assam is less substantiated. The estuarine clays at the western 
end of the Garo hills suggest that the drainage of eastern Nepal and Sikkim passed through 
the gap between the Rajmahal and Garo hills Similarly, the clays at the far end of the 
Shillong plateau indicate the outlet for the upper Assam nvers Recent geophysical 
investigations have indicated that the Garo-Rajmahal gap is under lam by two or more 
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segments of basement rocks separated by narrow and fair}) deep sedimentary troughs 
The area between the Shillong plateau and Bhutan was probably soil rdativcl) elevated 
during early Neogene times, for there is no evidence of die deposits of this period north 
of the Brahmaputra 

The fauna provides a glimpse of the geographical conditions that generally prevailed 
during the Srvvakh Period in the nvenne tracts along the foot of the rising Himalayas 
The dmotheres and primitive trilophodonts were water-loving animals, characteristic 
of warm and humid lowlands, because their teeth were adapted to eating only succulent 
herbage Occurrence of the aquatic traguhds and hippopotamus suggests the presence 
of rivers A savannah or swamp type environment is indicated by Hippanon, whose 
broad hooves were exceptionally adapted to it, while Equtis was better adapted to 
harder ground and harsher herbage The presence of antelopes indicates prairies, steppes, 
or desert, while goats and oxen, with “cloven hooves” were suited for moving on the 
soft forest sods The majority of the pigs and cam da e were forest dwellers, though a few 
from the Chinji to the Dhoh Pathans show sinking adaptation to the growing and 
conditions Giraffokeryx had preference for forest, and the giraffes, with their characteristic 
feet and teeth structure, for open grassland with scattered trees In the words of Edwin 
Pascoc, “In genera], therefore, wc may visualize duruig most of the period, belts of 
luxuriant forest and open grass plains, with a great nver winding through one or the 
other” 

In the Gulf of Assam, the Himalayan movements led to limited uplifts and erosion 
followed by subsidence hi Burma, marine sedimentation continued southwards as the 
delta grew seaward. 

The parallel north-south ranges that arc now seen in Burma and Indo- China and 
between which flow the Mekong, the Salween and the Irrawaddy rivers were upheaved 
by the crustal movements of this age 

The uplifts in south-east Asia raised the Celebes, Borneo and New Guinea from 
die sea floor In New Zealand, Mount Cook received its main uplift Australia being 
made up of highly consolidated ancient rocks was unaffected by any major uplift 

The elevation ofland at the expense of the sea continued during the Pliocene Epoch, 
though there were also some subsidences here and there All the continents assumed 
more or less their present shapes The Pliocene seas were much smaller than those of the 
Miocene There were many small basins and widespread areas of terrestrial deposition. 
In Europe, the inland brackish sea which extended from the Danube basin to southern 
Russia m the late Miocene, was broken up into die Aralo- Caspian Sea and Black Sea, 
and the freshwater basins, like die Pannoman basin lying between die Carpathian and 
Balkan mountains and the Euxinc basin which marks the present site of the Black Sea, 
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came into existence The East German-Polish basin also remained as a freshwater lake. 
The North Sea was formed by subsidence m north-western Europe. Some volcamsm 
prc\ ailed in France and Germany In Africa the Pliocene Sea occupied some marginal 
areas of Algcna and Tunisia 

In India, Pakistan and Burma, land conditions prevailed except for some hnuted 
invasion of the sea in the coastal areas. Uplift of the Himalayas continued and ice caps 
began forming on the high elevations 

In Indonesia, the northern parts of Java and Sumatra were under the sea. There 
were also active volcanoes m these islands as well as in Borneo 

Australia except for some marginal adjustment, remained unaffected New Zealand, 
however, suffered from the crustal disturbances and volcanic aenvity. 

Western Hemisphere 

North and South America assumed their present day outlines, but remained 
separated until the Pliocene During the early Tertiary, the Appalachians, the 
Rockies, and the Andes w ere already in existence They grew m height and the structural 
basins formed between the mountain ranges during their uplifts began to be filled up with 
sediments derived from the weathering of the adjacent ranges The Pacific coast was 
still a weak zone of the earth’s crust and was subjected to \anous crustal disturbances 
Here, the marine sediments were folded up to form the Coast Range, while accumulation 
of immense lava flows gave rise to the Cascade Range A complete sequence of Tcrtiar) 
freshwater deposits of North America is found in the western states of the United 
States The rocks are fossihferous sandstones and shales The Paleoccnc deposits arc found 
m the plains of Montana, m the Dakotas, in the Big Horn Basin of Wyoming and the 
San Juan Basin of New Haven The Eocene bkc deposits, known as the Green River 
formation, developed m die adjoining areas of Colorado, Utah and Wyoming arc famous 
not only for their great reserves of petroleum, but also for fossil remains of plants and 
animals During the Ohgocene Epoch, a vast thickness of sediments was deposited in the 
foothills and plains of Wyoming, Colorado, Nebraska, and South Dakota entombing 
the remains of numerous generations of mammals and plants On the Pacific coast, sea 
advanced and retreated over much of Washington, Oregon and California states during 
the Miocene Epoch, giving rise to valuable petroleum fields On the Columbia plateau 
in the north-western part of the United States, the outpouring of basaltic lava began in 
the middle Miocene time and probably continued into the Pliocene and beyond Like 
the Deccan trap, the$e lava flows form one of the world’s greatest lava fields The close 
of the Tertiary saw the uplift of the Coast Range of California and Oregon and the 
Cascade mountains in Oregon and Washington 
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The southern plains of Argentina were flooded by the sea several times, otherwise 
in South America there were only marginal encroachments of the Ternary seas The west 
coast of South America witnessed, both volcamsm and sedimentation whereby land was 
added to the Andes 

Climate. General fluctuations of climate dunng the Tertiary comprised progressive 
warming up from the lower Eocene, approaching maximum warmth in later Eocene, 
Ohgoccneand early Miocene when besides warm, the wet and humid climate existed and 
supported tropical ram forests From the upper Miocene to the Pliocene, the climate 
gradually cooled again and progressively approached its climax towards the close of the 
Phoccnc In this general trend of climatic changes, it may be remarked that the warm to 
wet tropical climate almost uniformly existed all over India during the early and 
tmd-Tertiary and it was more moist than now 
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THE TERTIARY PERIOD — II 
Plant Life 

The Age of the Angiosperms 


By the close of Mesozoic Era, all the modem groups of the plant kingdom had 
evolved, and the angiospcrms amongst them, attained widespread dominance over 
the other groups During the Cenozoic, comprising a span of about 60 million years, no 
new groups of plants came into existence and evolution chiefly proceeded mto two 
directions, namely the modification of older genera and species mto modem forms, and 
shifts m plant populations m response to climatic, cdaphic and ph>siographic changes. 
The present distribution of plants and the vcgctational patterns has slowl) and graduall) 
evolved out of the Tertiary flora, which so far as specific determinations arc concerned, was 
far different from the modem flora, hut most of the modem genera have been recognized 
to have had their origin in the late Cretaceous or the early Tertiary It is large!) on this 
assemblage of genera in the Tertiary flora that the climatic inferences are based That 
the extinct species might have had entirely different climatic requirements than the 
present ones, is an important fact that should always be borne m mind. But the exclu- 
sive occurrence of the fossils of modem genera of tropical or temperate climate, m a 
region where arctic climate prevails today, is a proof of milder climate in that region 
m the past 

Arctic and Antarctic Regions 

The Tertiary plant fossils discovered from Spitzbergen, Greenland and Alaska in the 
Arctic, andfrom the Palmer Peninsula in the Antarctic, which are perpetually snow-bound 
at present, show the occurrence there of a much milder climate during this period. 
The Tertiary plant life in Brogger Peninsula was dominated by Sequoia longsdotfa, 
Metascquoia occidentals and Cerctdiphyllttm arcticum Taxodium and Tanmtta together with 
Gttikge were also present Besides the aquatic Frenis brachystachys, speacs of Hmamchs, 
Acer , Acset this, Planera , Ahttis, Vitis, etc comprised the vegetation Pollen of palms, Abies 
and Sciadojpitys, and spores of Osmundaccae and Poljpodiaccac have also been recovered 
from the sediments 
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The Tertiary flora oflccland consisted of horsetail, pine, alder, birch, hazel-nut, oak, 
elm, sycamore, etc and that of Alaska comprised several members of Amcnoferac such 
as poplar, willow, Mynca, birch Carpinus % Abuts, ragtis, Qtterms and elm, together v. itli 
Piper, Etigclhardlta, Artocarpus, Grculka, Magnolia and members of Lauraceac, Papiho 
naceae, Vitaceac and Elaeocarpaccac The palm, Flabellarta JJorissatiU, has been found m 
soutli central Alaska m Ma tan uska coalfield The occurrence of cy cads (Dtoon, Cerate- 
zaima), conifers (TdWmm, Mctascquoia) and several ferns mdicates a milder climate 

Europe 

Tertiary floras, ranging in age from the Eocene to the Pliocene, arc known from 
various parts ofEuropc The lower Eocene flora of Europe is predominantly an angto- 
sperm flora with only seven conifers The London Clay flora composed 100 genera, 
out of which 23 arc still living Amongst the natural orders represented, 5 arc entirely 
tropical, viz Nypaccac, Burseraccae, Icacmaccae, Bixaccacand Sapotaccae, 14 arc almost 
exclusively tropical, viz Palmac, Olcaceae, Memspcrmaceac, Annonaccac, Lauraceac, 
Mchaceae, Anacardiaccac, etc., 21 arc equally tropical and extra-tropical, and 5 arc chiefly 
temperate Lauraceac arc represented by 40 species and Icacinaceac by 21 species The 
London Clay flora closely compares with the modem flora of the Indo-Malayan 
region Representatives of modem European flora arc wanting This flora contains the 
lowland tropical to the mountain tropical or extra-tropical forms 

The upper Eocene flora from the Hordlc beds of Hampslurc, England, is domi- 
nantly southern Asiatic, especially of South China and Burma regions Besides the 
Japanese, North Chinese and Himalayan elements, northern elements with European 
affinities, such as Salt ittte, Pttttts , Potamogcteti, Ltnmocarput, Stratiotes, Co q (hits and 
Rtifcus are also present 

The Ohgoccnc, Bembndge flora, from the Isle of Wight, has plants of more northerly 
affinities, suggesting a warm temperate climate. These include the Leather fern 
/icrosfithtrw which is also found in southern Honda and the Keys, Acanthus, allied to the 
species found m the mangroves of Asia and Australia, and several others, showing rela- 
tionships with their modem forms in the Malay Peninsula 

The progressive shift from eastern Asiatic affinities to west European is seen in the 
Pliocene plants such as in the Pon-de-Gail, Reuvenan, Krosicnko, and Tiglunfloras Be- 
sides the European forms, the Reuvenan flora contains several western Chinese elements, 
as well as some Japanese, Malayan and Tibetan The flora from Krosicnko m southern 
Poland has 18 per cent species closely related to modem European, 37 per cent to 
eastern Asiaticand 19 per cent to eastern American floras Of the tw o distinct elevations 
represented in the flora, the lower contains Carpi mis, Ptcrocarya, Alrnts, Lmoiendmn, 
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Vilts and Sty rax, and the upper Picea, Tsuga, Abies and Pimu The overall emergence of the 
European aspect of the Tertiary flora took place during the beginning of the Gland 
Epoch A few stragglers like Carey a and Plcroearya, however, did occur for sometime 
during the Prc-glaaal. 

America 

The middle Eocene Green River flora of North America show's a mixture of 
cycads, palms, and species of Potaniogcton, SaU\, Jtiglatts, HicLena, Ttlta, Alnus, Betula, 
Carpinus, Sapnidus, Lmodendrou, Ltquidambar zndAccr It seems to have grown at an 
altitude of about 900 m The Green River formanon has been uplifted 1500 to over 
3000 m after the flora had been deposited. 

The late Eocene Goshen flora of west central Oregon was a mixture of tropical ram 
forest of the Pacific slope of Panama and temperate ram forest of Costa Rica, and the 
genera discovered arc today distributed far to the south of Oregon 

The Chalk Bluffs flora of the same age, known from the north of California, has an 
assemblage of tropical, sub-tropical and temperate elements Of these, Chaetoplelea com- 
pares with C me\tcana of south-w estem Mexico and Central America It also contains 
Ccradiphylhun, the modem species, C japomctmi, is found m south-west Cluna and north 
of Hokkaido m Japan The Eocene flora of Yellowstone Park area is agam a mixture of 
warm temperate forms such as Ptntts, Sequoia, Platanus, Magnolia, Juglans and Ccrcidiphy - 
Until, and die sub-tropical forms like Persca, Ficus, Columbia artdLaunis The Parkis today 
covered b) pmc w oods with a few species of Popuhts and Betula, and Aniclaticluerahujoha 
One of the dominant elements m the Ohgoccne flora from the beds of the lugh 
Rockies to the w cst of Colorado Springs is Zcllova, an Asiatic genus Several other 
members of the flora are today confined to Asia, such zsAtlanthus (Simaroubaccae) and 
Koelreutena (Sapmdaccac) Man} of the living counterparts of this flora today occur 
in south-western United States and parts of Mexico 

The tropical element at the latitude of Oregon largely disappeared by the upper 
Obgoccne The Bridge Creek flora of the John Day Basm indicates a cooler climate and 
it compares with the modem Redwood forest Platanus, Jtiglans and Ccltis arc not re- 
presented in the Redwoods and are found in the west, and Fagtts, Carpinus, Ulnitts and 
Tilia are not found today m the western North America 

During the Miocene, two distinct floras existed, the Arcto-Tcrtiarj flora of the 
northern Great Basm and Columbia Plateau, comprised bj temperate hardwood, deci- 
duous, and conifer forests, and the Madro-Tertiary flora by the scmi-and. Live Oak w ood- 
land and thorn forests, extending from southern California into Mexico Amongst the 
dominants, both had comparable members now found in southern United States and 
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eastern North America The Miocene Tchachapi flora, kno un from thcWlute Ash beds 
in California, has 65 per cent comparable living forms m Mexico 

During the early Pliocene, aridity increased considerably in the Great Basin area due 
to the extensive uplift of the Cascade-Sierra Nevada mountain range and the xcrophy tic 
elements of northern. Mexico extended northward The Wicscr flora from south- 
western Idaho was more temperate and xcnc than die early Ternary Don By later 
Pliocene times the vegetauon assumed the recent complexion 

India 

In India, the evidences of Tertiary plant life have been found from the Eocene to the 
Pliocene, but have been worked out from some horizons onl> Pi 64 show s an Eocene 
landscape in the Deccan trap area From the Intertrappe-m beds in central Indn, ranging 
in age from the upper Cretaceous to die Eocene, a large and varied flora has been dis- 
covered Fossil plants are unevenly distributed in various exposures of the beds, and rich 
assemblage is seen in Mohgaon Kalan, Samar and Rajahmimdry Fossil w oods arc strewn 
all over in varying proportions The flora includes all the groups of die plant kingdom, 
112 different forms have been recognized which arc referable to 48 genera and 92 
species 

The plant formation as unearthed from the Intertrappcans abounds in aquatic, 
marshy and cstuanne plants Algae arc represented by several speacs of Chora, Holo - 
sporclla simiiensis, species of Ncomens, Tcrquemella, Aaculana Acetabuhria, Disseeladclh, 
etc Some remains of fungal fruit bodies and spores have also been described 
Bryoph>tcs arc represented by sporogoma 

Salvtttta utter trap pea, Rodcites dalshttut and Azalia uttertrappea arc the only members 
ofFihcales Suhnnn inter trap pea compares most closely with S amicidata which grows 
m Brazil and Cuba today Rodeites is closely related to Regnelhdutm which also occurs 
in Brazil 

A c)csdscm ovtife (Gfrnmwnk firs], severs} conifer cones sadi ss dented vires 
bifidokp]', Talhostrohus dot us, Pityostrahis crassitesta and Mohgaosirobits soli tut and several 
woods bclongmg to Dadox) loti, Cupressinoxyjon and Sptrox) bn comprise the gymno- 
spcrinous constituent m the flora The gymnosperms show podocarpmcan, araucanan 
and abicuncan affinities but the cones arc very much different from those of die known 
extinct or extant conifers The presence of gymnosperms is also substantiated by the 
occurrence of winged pollen 

Stems and flowers of Carex laaistns, floral axis of Juncagmaccac, Spargattttun, 
fruits of Nypa and Tucoccites, fruits, stems and roots of several palms, Musa and Cyclan « 
thodaidroit, seeds, fruits and woods of several dicotyledons such as Artahotrys edarattsstma, 



198 


EVOLUTION OF LIFE 


Xahmspnomtes, Fab o idea, Cassia, Hcdysarcae, Vtracarport, Enigntocarpon and Dryoxylon, 
woods belonging to the genera Euphorbia, Glochithon, Swiarouba, Leea, Elacocarpits, Grcti ia 
and AeschyitomCne, leaves of Lagerstroema, leaflets of Acacia, and flowers of Sahmanthts 
and Sahmptishpam have been described Spores of ferns and pollen grains of palms, though 
not y ct all identified, have also been recovered 

Spores and pollen from Eocene deposits, especially lignites, have been described 
from Rajasthan and the Salt Range, from the Miocene of Kerala, and from the lower 
Ohgoccnc to the Pliocene of Assam, but no proper identifications have been made 
Ferns, on the whole, arc poorly represented m Rajasthan than elsewhere, and there arc in- 
dications of the presence of Nothofagus m Assam 

Amongst fern spores, Schizacaccac and Parkcnaceae are well represented in the 
Eoccne-Mioccnc of India The pollen content in the Miocenc-Phocene sediments, 
especially m Assam, abounds in conifer pollen Pollen grams looking like those of 
temperate genera such as Dciula Etigdhardtia, Corylus and Carptnus, m the Eocene- 
Miocene deposits of India, arc quite interesting 

Plant life during the Ohgoccnc to the low er Miocene in the vicinity of Cuddalorc 
consisted of palms, podocarps ( Mesanbrioxyloti J, Mangifera, Shorea, Albizzta, Cassia, 
Dalbcrgta, Garattiaand Soimerafut During the Miocene, at the foothills of the Himalayas 
at Kasauli, members of Gutnferac, Lcguminosac and Palmac existed. Wood remains of 
Diptcrocarpaccac (Amsoptcra), and leaves referable to Ziziphus, Lagerstroemia and Smtlax, 
and fruits of Dalbergta have been found near Jawalamukhi 

Eocene flora of Assam contained Trema, Greu ia, Ndumbiiini, Lnodciidron, Neohtsea 
and Nypa sahnn and woods of Cynometra, Ka) ea, Gluta, Terimnaha, Shorea and 
Diptcrocarpus, and of Jodhpur, members of Guttiferae (Mesua, Gamma and Calophyllttm ) 
and Cocos sahnn 

Some of the Ternary plant fossils from India are shown in Pi 65 
Eocene marine algae comprising Corallinaceac and Dasycladaceac are known from 
Assam TripJoporclIa (Dasycladaceac) is known from Ramkot beds in Sind. In the 
SamanaRamgp of the Ramkot Scxi&^LidtoyhiUjwLArchacaltthothmintuin and A lesoyh ylhnu-, 
all members of Corallinaceac, have been found The Eocene beds of the Salt Range have 
yielded such algae as Dissocladdla, Acictdana, Neomens, Diplopora and Ohgopordla which 
are found elsewhere in the Tnassic Several of the Charophyta and diatoms comprised 
the other algal forms during the Ternary 

Evolutionary Trends 

In contrast to the Mesozoic and the Palaeozoic Eras, which saw the emergence of new 
forms of life, very* different from the pre-existing ones, the Cenozoic plant life was 
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AN EOCENE LANDSCAPE IN THE DECCAN TRAP AREA 

Due to volcan c eruption* enormous quantities of lava were poured out in the Eocene in Deccan 
On cool ng it formed the Deccan tTaps The plants shown are coconut in the background and Nypa in tl e 
foreground Vegetal on cons *ted of the palms and the other ang otperms 




THE TERTIARY PERIOD — II 


199 


devoid of any such new forms Pnorto the commencement of the upper Cretaceous, 
ferns and g>mnosperms dominated the plant world Tins aspect of vegetation was funda- 
mentally changed m the Cenozoic, during which the angiospcrms became dominant 
over ferns and gymnosperms The modernization of the flora that had commenced 
during the Tnassic had finally been completed towards the dose of the TerUar) In 
north-west Europe, for instance, the lower Eocene London Clay flora reveals 2 per cent 
of modem genera and the upper Eocene Hordlc beds flora has 23 per cent The number 
of modem genera rises to 34 per cent m lower Ohgoccnc, 53 per cent in upper Pliocene 
(Reuver) and 78 per cent in middle Pliocene (Teglian) 

An interesting aspect of Tertiary plant life is the paucity of non-arborcal forms in the 
older floras Their number increased in the late Tertiary times In tropical forests of 
today, die herbaceous elements have a subordinate position in contrast to their 
widespread occurrence in the temperate countries The change of climate from warm 
to cold and of the pattern of vegetation from the tropical to the temperate during the 
Tertiary, might liavc given nse to most of the herbs among angiospcrms The 
changing geographical patterns of flora have already been mentioned The entire Tertiary 
Period is characterized by the flonstic migrations in response to climatic changes There 
is thus a great contrast between the early and late Ternary floras In the first Jialf of die 
Ternary Period, the vegetation of the Northern Hemisphere resembled that of 
warmer countries in the Far East and the southern part of North America In the 
second half of die Ternary Period, the plant life had relics of temperate species which 
became associated with arcnc forms Intermediate types of floras occurred between the 
first and the second halves of the Tertiary Period. 
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THE TERTIARY PERIOD — III 
Animal Lite 

The Age of Mammals 


Tnouen many kinds of invertebrate animals entered the Tertiary from the Creta- 
ceous, a significant feature of the Ternary fauna is the total absence m it of the ammonites 
that ruled the Mesozoic seas for more than 200 million years 

Foramlnlfers. These underwent extensive c\oluaoniry changes along scscral 
distinct lines from common ancestors. Their protective testa are found in enormous 
numbers forming major constituents of some Tertiary rocks These arc amongst the most 
useful Ternary fossils for correlating marine sediments and arc of immense practical 
value to the oil geologist 

Corals. These animals advanced to types in which the walls of the coralhtcs became 
perforated with holes producing a network pattern Such corals arc now abundant m 
the modem reefs m which the colonics arc varied and beautiful 

Brachiopods. These had their peak of development in the Palaeozoic and became 
insignificant during the Ternary and only a few survive today 

Crustaceans The crustaceans became well established during this period. In oil 
drilling, the fossil ostracods are valuable for correlation of rocks 

Echlnoderms. These were represented by cnnoids, cchinoids and sea-urchins 
The cnnoids were stemless and mainly free-swimming forms The cchinoids were 
pardcularly prolific, and reached their maximum stage of development 

Molluscs. The ammonites were replaced by the other members of the phylum, 
Mollusca, the lamelhbranchs and the gastropods, which survived by modifying their 
structure to suit the new environment They are marine, fresh water and land animals 
and became abundant in the Tertiary and now hold a prominent place amongst die living 
animals They are commonly seen along the sea beaches, though some h\e in subterranean 
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waters and on mountains athigb altitudes Because of the range of beauty of the shell forms 
as well as of colours, they Imc attracted the attention of man from tunc immemorial 
Lamelhbranch shells have been used as tools and utensils in pre-histonc cultures The cowry, 
a name applied to the shells of the gastropod genus, Cypraca, was an object of veneration 
as well as a medium of currencyin the past Con ch es s erv cd as drinking cups and trumpets, 
while the Sfrow&iis shell is still used as a musical instrument in Polynesia 

Fishes With their remarkable evolutionary development, the telcosts or the bony 
fishes, since the early Ternary Period, have assumed a prominent position, almost equal 
to that of the mammals and birds among the vertebrates They include most of our best 
known fishes, such as the salmon, herring, sole, perch, etc In the array of adaptations of 
form and habit, they compare with the birds and flowers What is less known about the 
telcosts is their climbing ability The climbing perch of India can move about on land 
and, if need be, climbs trees with its spines on the gill-covers and ventral fins Sharks 
were also quite abundant and some of them were upto 25 m in length The Eocene 
Green Raver Beds in Wyoming and Colorado arc believed to contain the best known 
fossil fish fauna 

Amphibians. They were numerous in species though limited m genera, and closely 
related to the present day forms, such as frogs and toads 

Reptiles. The reptiles were greatly reduced in numbers and forms Those which 
persisted included lizards, snakes, crocodiles, and tunics Like frogs and toads they also 
had as successful a career in the Tertiary as they arc having now, but the crocodiles and 
turtles were not of so many kinds as lizards and snakes Land turtles grew to a large size 
and the alligators w ere more numerous than they arc now 

Birds. During the Ternary, the birds evolved as the dominant animals of the air 
and developed structures adapted for life both on land and in air 

Mammals 

The Tertiary has been called the ''Age of Mammals" because of the great abun- 
dance of the fossils of mammals A vast number of types, many of which are entirely 
unknown today, has been discov crcd Mammals gained their supremacy for v anous 
reasons, the most important of which is gradual development of brain, enabling them to 
retain impressions and to think independently and act intelligently This \\ as probably 
correlated with the earlier reptile-hkc mammals m the late Palaeozoic Era, giving up the 
habit oflaying eggs and bringing forth the young ones The females developed milk- 
producing organs or mammae After birth, the young were reared m a pouch m the 
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mother’s abdomen till they grew strong enough to be let out The kangaroo, opos- 
sum, etc arc the modem representatives of such mammals called marsupials They 
were succeeded by the placental mammals which nourish the developing embryo in 
the womb instead of in the pouch, to this group belong most of the dominant 
living mammals A number of primitive mammals or living fossils arc found in different 
parts of the world, specially in. Australia and South America Some of these arc shown 
in Pi 66 

The gulf between the mammal-like reptiles and mammals has been bridged by a 
miscellaneous collection of such hard parts as skulls, teeth, etc The teeth, being the 
hardest parts of the body, are most commonly preserved as fossils Their shape and 
size arc dependenton the feeding habits of the animals concerned In Amphthia and fishes 
die teeth arc small, conical and numerous In reptiles, they were conical but large and 
less numerous In early mammal-hke reptiles, they were simple and sharply conical, but 
of various sizes In later mammal-hke reptiles, the teeth began to be arranged in groups— 
mason in front for nibbling behind them canines for piercing, and behind canines were 
cheek-teeth for grinding In some animals, the crowns earned three sharp cusps In one 
group of mammal-hke reptiles, called the therapsids, from the Tnassic, the teeth were 
like those of a pig Therapsids fall into two groups One group was herbivorous In 
the other group which was carnivorous, the teeth w ere highly differentiated and the 
animals had dog-hke skulls and they arc believed to be the ancestors of mammals The 
camnorous group lived on the plant-eating therapsids The therapsids were small 
animals In the Tnassic, only three distinct orders of mammals have been known so far, 
but by the late Jurassic time the number of distmet orders rose to five 

Of the five orders of mammals, represented in the Jurassic and Cretaceous deposits, 
only one, the Multituberculata rodent-like in appearance and teeth with numerous cusps, 
survived into the Tertiary The remaining orders did not survive the Cretaceous, but 
one of them thePantotlicna before extinction, gave nseto the Marsupiaha and Placentalia 
The molar teeth of the pantotheres were tnangular in outline with cusps that vv ere also 
arranged m a tnangular pattern The molars of die upper and’iow er jaws w ere so arranged 
that their apices would provide a complex shearing and grinding mechanism when the 
jaws were closed Because such a functional arrangement of molars is found in some pri- 
mitive mammals of later age, the pantotheres are considered by some as die ancestors 
of the Marsupiaha and Placentalia 

Paleocene-Eocene Fauna 

Among the numerous invertebrates the nummuhtes, now called camenmds, of the 
order Foramimfera, held a place of prominence Unlike the corals, echinoids, and molluscs, 
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which showed Cretaceous affinities, die nurnmuhtes and the opcrculincs appeared rather 
abruptly in the Palcoccnc Thar small size, rapid solution and abundance, have made 
tliem suitable as guide fossils for correlation They were abundant in the Tethys Sea 
which at this time covered the Mediterranean and adjacent parts of southern Europe and 
parts of northern Europe, the Middle East, Pakistan, India, Burma and Indonesia They 
grew so profusely on the bottom of the shallow seas that tlicir shells contributed to the 
formation of immense limestone deposits known as nummuhtic limestones The present 
occurrence of these limestones at some of the high elevations on the earth, as m the 
Hinulay as, indicates the great changes that the earth's surface has undergone since they 
lived The sphinx and the pyramids of Egypt arc built of this nummuhtic limestone. 

Most other invertebrates were almost similar to the modem forms m appearance 
They include simple hexacorals and some compound forms Echmodcrms were repre- 
sented by crmoids starfishes and sea-urchins Crabs were dommant among the larger 
crustaceans Bivalved molluscs, such as Ostrea, My tilt is, Cardntm and Pictcn and the 
gastropods, such as Cjfraea, Tumtella, Centluunt, Mitrex, Valuta etc were also present 
The Pans Basin in France has become a classic locality for the study of molluscan and 
other fossils 

Among the reptiles, the crocodiles and turtles were common m lakes and rivers as 
they arc now Fishes w ere chiefly bony and with a few exceptions resembled the present 
day forms 

On Land, toothed birds were no more to be seen They died out in the Cretaceous, 
but an equally strange bird, massive ostndi-hkc m appearance and standing over tw o 
metres high, called Dtatrywa, lived in North America dunng the Eocene It is showm 
in Pi 67 Its wmgs were too small for flight and it roamed in the Eocene glades feeding 
on plants and small animals 

The Palcoccnc mammals cannot be structurally considered to be the forerunners of 
modem mammals They arc considered archaic, with teeth feet and skulls more like 
those of reptiles Most of these were marsupial multitubcrculates, rodent-hke, and with 
low-crowned teeth Some new and progressive forms, ancestors of modem families 
also evoh ed dunng the early Eocene and the multitubcrculates became extinct Among 
die placental mammals that developed distinguishable features during die Eocene 
were die carnivores and hoofed mammals, die ungulates The oldest extinct ungulates 
appeared in the Palcoccnc They were of small size and their ancestry was not 
far removed from that of die msectivorcs The ungulates assumed modem aspect m 
the Eocene One of die best amongst them is Phcnacodus of Wyoming m the USA 
It was of the size of a fox or sheep, had long head and tail, and five-toed feet that bore 
small hoofs Its molar teeth were adapted for eating plants An unusual evolutionary 
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trend in size led to the development of a form like that of a pigmy hippopotamus, 
with a long bod) , short legs, and five-toed feet like those of an elephant Such animals 
reached their highest development in middle Eocene, in Umtathenum, which stood 
15m high and was as heavy as a modem rhinoceros (Pi 67) It was distinguished by 
three pairs of hom-hke structures on its head and greatly enlarged upper canines The 
flesh-eaters known as creodonts, meaning blunt-toothed, were poorly built compared 
With the modem creatures However, there were dog-hke, cat-like and hyacna-Uke 
creatures living on contemporary plant-eaters 

The odd-toed herbivores, pcnssodactyls, appeared in the Eocene, represented 
by the earliest ancestral horse, Hyracothenmn, better known as Eohtppus (Pi 68) Its 
size varied from that of a cat to that of a fox It had four toes on the front feet and tlirec 
on the hind feet The teeth had rounded cusps adapted for grinding die premolars were 
not developed for grazing but were adapted for browsing Probably the animal lived 
in the forest Rhinoceroses also appeared in the Eocene They were slighd) larger than 
Eohtppus and had four toes on front and three on hind feet They were browsers, with 
low -crowned teeth Their legs were long, adapted for running The titanothercs or giant 
beasts were a characteristic group of animals of North America during thcTertiary Period 
(Pi 67) They had a heavy body and were distantly related to the rhinoceroses Their 
ancestral form, found m the Eocene, resembled tapir, and was about the size of a sheep 
The cvcn-tocd hoofed animals, the artiodactyls, were the ancestors of camels, deer and 
pigs They were small in size, though very much resembling the modem forms 

The earliest proboscideans, the elephants and their relatives, appeared in the upper 
Eocene of Egypt and are known as moenthenums They were about the size of a small 
modem elephant but had larger heads and shorter trunks The grinding teeth were low- 
crowned, but the presence of four incisors showed that the grow th of tusks had begun 
The earhest known pnmate was a small lemur-like animal found in the Palcocene of 
Wyoming During Eocene several lemur-hkc forms were also present One, fairly 
common in North America, has been named Notharctus It was like the present day lemurs, 
small, with a long tail and a short face Another group the tarsiers, was found in the 
Eocene of Europe and North America They were of the size of rats and had wide eyes 
The tarsiers are now confined to thejunglcs of Indonesia and the Philippines 

In India Pakistan and Burma, as in other countries, Paleoccne and Eocene include 
the bulk of nummulitic limestones These rocks arc best de\ eloped in Sind where 
Paleocene is represented by the Ranikot Senes, named after Ranikot Fort in the Laki 
range, and Eocene by the Laki and Rirthar Senes The Ranikot includes a low cr division 
of fluviatile sandstones and shales, with deposits of gypsum andhgmnc coal and an upper 
division of fossibferous marine limestones and shales 
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A large Q) ster, Ostrea falpttr, has heen described from the lower division The upper 
division has a large molluscan fauna, of which strorobid genus Calyptraphorus Ins i wide 
distribution, having been first described from the Paleocenc of Alabama, USA Cnupatufe, 
a ccndud, well known m the Daman of Iran, is another form linking Europe with south 
Asia The following have also been found Nrtmmti/ito nuttalh, Lcpidocyelttia punjabettsis. 
Miscellanea in tscclla and Assthna ramlotcnsis, eclunoids Claris temou/i, Schizastcr 
ah eolatus and Solatia blattfordt, gastropods Atnpttllttta pal) bathra , Calyptraphorus uuheus, 
RwicUafitsotdcs and Ntificn adela, ceplialopods St) racothcutts oncutahs, the last surviving 
belemmtc, and Beloscpia imurvata, a lmk between belemnne and modern cuttlefish 
The Lab Senes (lower Eocene), which is also developed m Baluclustan, contains 
many Rarnkot fonmimfers including Nummuhtes atacicus and Asstlma granulosa, but is 
distinguished by the presence of two new genera of cchmoids, An\hl)pygus and Brissopsis, 
as well as the molluscan genera, Vicarya, Vicctia and Conhopsis, and Gisortia mmlusom 
The middle and upper Eocene arc represented by the Kirthar (Klurthar) Series, 
named after the most important range m western Sind The senes has a different 
nummulmc fauna from that of the Laki containing Nimwmhhs atacicus, N eomphmntus, 
N laevigatas and Asstlma spire A worldwide lameliibranch, Ostrea muhicostata, recorded 
from Europe, North Africa, Turkistan and Jamaica, occurs in tlus senes, along with 
gastropod, Vclatcs pert ersus, while the foramimfcr, Dtctyocotiouhs cooh, is abundant 

Both Lab and Kirthar Senes arc represented m Gujarat and western Rajasthan, 
the Hmiala) an foothills, and in die southern flank of the Pit Panjal m Kashmir In 
Assam, the Eocene is represented by the Jainda Senes in the southern and eastern parts 
of the Shillong plateau where foramimfcrs indicate die full Raiukot-Lab-Kirthar 
sequence Nummuhtes atacicus and N bcauniovti, together with Calyptraphorus tttdtcus, etc 
occur in the Eocene of Bunna 

The vertebrate fauna of die upper Eocene of Burma shows an catnordwar) pris 
dominance of anthracothcrcs vvhicli form about 95 per cent of the total and constitute 
the most primitive types so far known Burma is thought to be die ongmal home of 
this group The other elements of the fauna, dtanothcrcs, tapirotds, and the aquatic 
rhinoceros, indicate migration from North Amcnca 

Oligoccno Fauna 

The larger foramimfcrs such as Nun tmihtcs xn&Lcpidccyclma, continued to flourish 
in the open seas A characteristic species was Nunumihtesmtcrmedius Reef-budding corals 
were common in tropical seas as also the molluscs and in increasing numbers Eclunoids 
were comm onl) represented by Vupatagus and Clypeoster Insects, due to their fragile 
nature, arc not found as fossils in proportion to thar abundance, but in the neighbour- 
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hood of Komgsbcrg in Germany and at a few places in USA, the resin from the 
Ohgocene, pines contains countless unwary insects belonging to most of the modern 
orders 

The mammals were now nearer to modem forms There was a diminution of the 
browsing and increase in the grazing ty pcs, probably an indication of extensive grass- 
lands There were rodents, hares, monkeys, civets, mongooses, pigs, etc. 

The titanothercs which grew from the size of a sheep in Eocene to that of a good- 
sized modem rhinoceros by the middle Ohgocene, were the brontolheres Titanotheres 
died out m early Ohgocene Baliichitfieriiiin, a near relative of rhinoceros, grew to an 
enormous size and was one of the largest land mammals that ever lived (PL 69} 
It was a hornless rhinoceros that lived in late Ohgocene and early Miocene It was over 
10 m from head to tail, and stood about 5 5m high at the shoulder When originally 
discovered m 1911 from a few bone pieces from Bugti beds of Baluchistan in Pakistan, 
it was thought to be a rhinoceros larger than any known elephant, and the discoverer 
hoped that more bones would be found This hope was fulfilled by the discovery of three 
partial skeletons m Mongolia 

A descendant of Eptlnppus was Mcsohppus, a three-toed horse of Ohgocene from 
South Dakota m USA It was about one metre long and half a metre high Its 
premolars and the molars were similar and well adapted for crushing and grinding 
vegetation. The middle toe of each foot was the largest and all the three had usable 
hoofs 

From Mocrithenum of Eocene in Egypt, one Ime of development led to the dinothcrcs 
with recurved lower tusks, and another line gave rise to elephants and mastodons 
Mastodons appeared in the lower Ohgocene of Egypt and resembled the modem 
elephants in appearance but had different type of teeth, their second upper incisors were 
enlarged into tusks extending forward and downward The low cr jaw was long and had 
two tusks extending forward 

Among the pnmates, the earliest ape, PropUopitheais, was discovered in the lower 
Ohgocene in Egypt 

Plate 70 shows an Ohgocene landscape with prominent mammals of the time 

The Ohgocene is unrepresented m the Himalayan region, as during this time ex- 
posed rocks were undergoing erosion It is m Baluchistan and Sind in Pakistan, and 
in Gujarat, western Rajasthan and Assam as well as m Burma that marine fossihfcrous 
Ohgocene deposits are found In Sind and adjacent parts of Baluchistan, the Ohgocene 
is known as the Nan Senes The name is derived from the Nan Nai, a nver m Smd 
along the banks of which a section of the senes is well exposed. The Nan Senes 
is characterized by an abundance of Leptdocychna ( Rilcptdna ) dilatata It is a European 
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Ohgoccnc form and is also found with Nitmmtthtcs ttuennchis in the lower As man 
limestone of Iran, Some characteristic Nan forms include, coral* Moitifwaltia iignei and 
cchinotds Claris i emeuth, Coetoplcimts forbest, Clypeaster profundus, Tcmnechimts rousscaut 
and Moira pnmaeta The Nan fauna in Sind appears to be essentially a development of 
genera already present in the area Some of the forms now living in the Indian Ocean can 
be traced bach to species which first appeared in die Nan beds Thus die gastropod, 
Turhnella cpisonui of the Ohgocene of Sind and Baluchistan is very close to T. fusus, now 
found in the Andaman seas, Terebra nemea is an ancestral form of the living T cmiuhta, 
and Harpa tianca seems to be intermediate between the Rarnhot spcacs H. morgam and 
the living H conoidalts, of •which it may be a forerunner 

Miocene Fauna 

The marine faunas of the Miocene in different regions appear to be the forerunners of 
the modem faunas of those particular regions 

Nummuhtes died out, but other larger forammifers took their place Molluscs were 
common Among the important forms were Pcctcn, Ostrea, Aturia, Cardita, Spondyltis, 
Anctlkna, Plcurotoma, Trochtis, etc Of the echmoids, Clypeaster, Scutclla and Echmolampas 
were especially abundant 

Bony fishes occurred in various forms 

All the modem carnivores appeared by the Miocene time and started hunting 
m die open landscape The dog and true cats evolved towards the close of the epoch 
from the dogs, odicr new types branched off including the bear which fell bach 
to an omnivorous diet The cats were perfect carnivores In them, die teeth diat 
had little use were reduced m size, but the camassials, in which two or dirce cusps grow 
into long cutting points, and the canines, were higlily developed. Extensive grasslands led 
to rapid development of horses For feeding on grass, there was a progressive increase 
in the ndgc-lihc cusps in their teeth Being defenceless against the carnivores, they 
developed speed on Iiard open grasslands, with single toe and slender leg bones, fusion of 
tibia and tarsus, and finally, light body such as found in Merycfnppus of the late Miocene. 

Various lines of one- and two-homed rhinoceroses evolved. The Bahtchthcmm 
became extinct but Diccrathermm was abundant in Nebraska, USA (Pi 71). It had two 
small horns, side by side, on the nose. 

In this epoch also arrived the Dmothenum, an ancestral elephant with two tushs m the 
lower jaw curvmg downwards These were pcrlups used for raking up roots There 
were no tushs m the upper jaw and the molar teeth were provided with tw o crests which 
showed little change throughout their long history. The Trilophodoti, formerly known 
as Tetrabefodon, came with the dmotheres It had four tushs, tw'o in die lower jaw and 
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tv. o in the upper jaw, an elongated snout, and an almost horizontal trunk The molar teeth 
v. ere strongly cross-crested, unlike the large cones of the Mastodon The Mastodon, m 
the Miocene, had a parallel development with the long-jawed Tnlophodott It had teeth 
with separate roots and blunt crests, two tusks on the upper jaw , but the lower tusks were 
either wanting or remained as traces Body was coated with rusty brown hair, height 
was about two metres in the case of females and up to three metres m males, each foot 
had five toes It lived be)ond the Ice Age Because of its abundance as fossils and wide 
distribution, it is the best known fossil mammal 

The Moropus, the largest of chahcothercs, w’as perhaps one of the most peculiar odd- 
toed penssodaetj 1 c\ cr known It was discovered in the Agate Springs Bone Bed, Nebraska, 
USA It had a horsc-hkc head, thick body, thick forelegs like those of a rhinoceros, and 
hindlegs like those of a bear It had claw’s instead of hoofs for digging out roots and bulbs 
from the ground. Animal life in the Miocene is shown in Pi 72 

The ruminants like the sheep, goats, musk oxen, antelopes and cattle, appeared for 
the first tune as also the giraffes winch were closely related to the deer They had short 
necks similar to that of okapi of Congo 

The lower Miocene adjoining the Arabian Sea m Sind and western India is known 
as Gaj Senes In Kutch it is conformable with the Ohgocenc in one area, but elsewhere 
m the coastal parts of Gujarat it transgresses on middle Eocene or Deccan traps In Kerala, 
Miocene is found near Quilon, in Assam it is exposed m the Surma valley, and in Burma 
in the Pegu Yoma Man) Miocene fossils have their living allies, while some arc the 
forerunners of living forms The Gaj rocks arc often found crowded with large Lcpido- 
cychnes accompanied b) Opercuhna, Rotaha and other foramimfers Hie Mediterranean 
forms like Ostrca virlctt, O latnnarginata, O gryphoides, etc. arc very similar to those 
described from die Indo-Paafic region, but the proportion of molluscan forms comparable 
with Indo-Paafic forms is much smaller in the Miocene than in the Oligoccne. The 
window-pane oyster, Indoplaama, found in the Gaj beds associated with modem Placutta, 
is a descendant of the Eocene Caroha which in turn is a derivative of an unnamed spcacs 
of Attomta from the Kirthar Placenta lamellata Dey from the Miocene of Quilon is the 
connecting link between Indoplaama and Placenta 

Some characteristic lower Miocene fossils of India, Pakistan and Burma arc the 
cchinoids Breytua cartnata and Echmolampas jacquemonti, the gastropod Tumtella angulata, 
foramimfers Lepidoc) data toumouen and L sumatrensts, and the lamelhbranch Ostrca 
lattmarginata 

The percentage of molluscan forms identical with or allied to those of living speaes 
is much higher m the upper Miocene than in the lower Miocene One of the most 
common oysters of the Miocene is Ostrea vtrlett 
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He 65 Restoration or D other um gtga tan A QUxa extinct iutiiant wmi incisors clrved inward and down 
WARD, SOUND IN TUB I OWE* AND AIIDD1S SlTT IIKS Of HU Pun/SB 

Middle Mioccnc-Lowcr Pleistocene Fauna 

In India, botli Tnlophodon and Ditiothemm first appeared in die Kamhal sandstone of 
the lower Siwahhs 

The Kamlial stage in die Potwar or Rawalpindi plateau indicates the advent of 
fresh and running water conditions in die Punjab for die first time since the withdrawal 
of the sea of Eocene and Ohgoccnc times and the filling up of the lagoons mainly by die 
deposits of the Murrcc Senes 

From the Kamhaf of the Potwar area many mammalian fossils have been collected 
including Dinotheriiuu gnpsntcum (fig 65), Tnhphodon and Chaheothenum, a liomlcss, 
grazing rhinoceros, with a short, massive body like that of a pig It had a three-toed foot 
and two strong tush-like incisors in the lower jaw, and seems to have been adapted for 
steppe land with occasional swamps Higher up, m die Dhok Pa than stage of the middle 
Siwahhs dtese arc joined by die Mastodon and Slobodan, which did not survive the upper 
Miocene In die Kamhals there were also small ptg-hhc animals, called anthracothcrcs 
These soon died otft giving nsc to Meqeopotamus, the possible ancestor of Hippopotamus 
Mcr) copotanms is found m the middle Snvahks It was like an anthracothcrc, but without 
the fifth cusp m its upper mohr Tlic hippopotamus, which became abundant in the 
14 
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upper Siwahks made its first appearance in the Dhok Pathan GinfFc-hkc animals arc 
also found in the lower Siwahks Tliey w ere small animals Hie first large giraffe, a two- 
homed uunnl, appeared in the Nagn beds, the lower division of the middle Siwahks 
In higher beds, the Dhok Pathans, occurs a closd) related ancestor of the modem African 
giraffe and the large extinct giraffe, Su athcuum (Fag 66) A distinguishing feature m the 
teeth of the giraffe is the division of the lower canine teeth into two halics by a slit No 
other living mammal except the okapi in the Congo forests lias these peculiar canine 
slits m the lower jaw winch arc seen in the Stvalhenum The antelopes began to flourish 
in the Clunji times (middle Miocene), but they were all small animals The curved-homed 
antelopes, and Htppartoti, an ancestor of the horse, w'ere first found m the Chinji bed and 
became abundant in succccduig Dhok Pathan beds The Hipparwn had three toes, 
but the side ones did not touch the ground No earlier ancestor of horse than Htppamn 
is found in India 

Tile okapi-likc Gtrajfolcryx, water deer, is common in the Chinji stage The genus 
seems to be confined to India and allied to the Chinese Pontian species, Pilacotragus 
qiiadriconus It may also be a forerunner of die sivathcrincs of the Pontian and Dhok 
Pathan (Fig 67) 

The modem pig with rare cxccptions,has inherited 44 teeth from its remote ancestors, 
but there arc gaps between the front teeth and die canines and between die canines 
and the check teeth The teeth bear separate tubercles which neither coalesce into trams erce 
ndges as in die tapir, nor become crcsccnr-shapcd longitudinal ndges as in die grass-eating 
cattle A curious pig-hkc creature, named Ltstnodoti occurs ui the low cr and middle 
Siwahks The tubercles of its teedi arc united to form trans\crsc ridges The ancestors 
of the African hogs, whose prcmolan liavc a tendency to disappear, arc also found in the 
low cr and middle Siwahks These tw o divisions of the Siw atiks hiv c yielded fossil remains 
of Aiiiphicyoi, a near common ancestral stock of bodi die dog and the bear It is first 
seen in die Kamhals, while the h) acnas first appear in the Clunji of the lower Siwahks, as 
also the sabre-toothed tigers 

All modem rhinoceroses arc characterized by die reduced number or absence of 
incisors and Imc cidicr one horn as m the living Indian rhinoceros, Rhinoceros umcorms, 
or two horns as in die Javanese and A fncan rhinoceroses In the 1 ow cr and middle Si w aliks 
arc found the remains of an extinct genus of rhinoceroses, Accra thenutn, which had die 
same number of front teedi as die living rhinoceroses, but liad no horns A species of true 
rhinoceros appeared for the first time in die Dhok Pathan beds It lias been called Rkwcctrto 
jm a fonts and is belies cd to be an ancestor of the tw o-honicd Ja\ anesc rhinoceros 

In die Clunji beds of the Salt Range in Pakistan, man> of the genera found in the 
Kamlial bed, occur associated with more specialized pigs, Lt si no don and Sits The fauna 
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of Nagn (Salt Range) and Penm arc also closely allied, but include the large giraffe, 
Bramathcriutn or Hydaspithenum Some of the vertebrate fossils from Srnalik lulls, 
Punjab, are shown in Pi 73. 

In the upper Gaj beds, referable to early Miocene of die Bugti hills in eastern 
Baluchistan, famous for the remains of Bahichithenum, die majont) of vertebrate fossils 
arc anthracothcrcs that were also flourislung at the time when the lower Si wall ks (die 
Kamhals) were bemg deposited Thus, it seems as if the anthracothcrcs were the dominant 
animals of India, Pakistan and Burma during the Eocene— Ohgocenc-!o\\ er Miocene 
times But in die Kamlial time thej were much reduced in number and died out givuig 
nsc to a rather specialized descendant, called A fcrycopotamtis Associated with the anthra- 
cothcrcs m the Bugti hills arc the other ungulates, a few proboscideans, and carnivores 
Similar mammalian fossils have been recorded m the conglomerate bed at the base of the 
Murrccs (lower Miocene) in die Potwar plateau of West Pakistan 

The tiny island of Piram near the Kathiawar coast of Gujarat, has become classic 
under the name, Penm, because of the discovery there of mammalian fossils in 1836 The 
fauna is not different from theDhoh Patlian fauna with which it is correlated Among the 
various forms found arc the large giraffoid, Bramathermm perwiaise (Fig 68), and the 
large antelopes, like Tragocerus pcwneiists, etc 

In Pliocene, the mammalian fauna was more diverse dian that of toda> but it was 
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SOME \ ERTERRATE TOSSILS mOM SJVI ALIK HILLS, PUNJAB (MIOCENE PERIOD) 
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WESTERN NEBRASKA USA IN THE MIDDLE PLIOCENE 

Group of PI ohippuj le dyanm on the r ght Teleocera* in the centre Atut c antelope in the left foreground 
Alt catnelut in the left background and dutance 
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less varied than that of the Miocene In the early part of the epoch, two evolutional) 
lines radiated from Mcrychppus One led to the Htppmon-typc showing a progressive 
development of the skull and teeth, but little development of the three-toed feet The 
other show cd progressive changes, not only of the skull and the teeth, but also of the feet, 
which led to the evolution of one-toed hones, as illustrated b> the genus Phohippus from 
which the modem horse evolved in the next epoch Phohippus and other animals of the 
middle Pliocene arc shown in the restoration of the landscape of that time in western 
Nebraska, USA, reproduced m PI 74 

Rhinoceroses declined, but the modem giraffes evolved from short-necked giraffes 
like Siwif/imnm and Semor/iermm The Megatherium, the giant ground sloth and ancestor 
of the present day tree sloth of South America, appeared in the southern parts of USA 
It was about the size of a small elephant, with a short wide head and strong legs 

The familiar ruminants, the sheep, goats, etc vvluch first appeared in the Miocene, 
began to cvolv c and radiate rapidly m all directions during this epoch The greater part 
of this evolution was effected m the Old World 

The early mie elephant appeared m late Pliocene Though mastodons liad tusks and 
long trunks, the true elephant did not cvolv c from them It descended from Gomplwthertitnt, 
which had teeth like those of mastodons, but rchmvcl) short upper jaw's and bigger tusks 
The true elephmt, Elcphas , evolved by the shortening of skull and lower jaw The pre- 
molars became small and the molars large In some stegodons, like Stc^edon gattesa from 
lower Pliocene of the Siw ahk hills, die tusks attained the enormous size of three metres In 
Ehphas anttquus, first found m late Pliocene of Europe, the tusks were nearl) straight and 
molar teeth were rather short Elcphas aiittqinis attained a gigantic size m India and the 
crest on its teeth mcrcascd b> becoming {animated The first result of these changes was 
m Stegadoti, that appeared m Asia during early Pliocene but reached Africa during the 
Pleistocene Among the most uncommon mastodons, was die so-called shovel-tusker, 
Ainebefpd on, which appeared in North America in Jus epoch Its low cr tusks were flattened 
instead of being round, and joined together to scoop out plants from the ground. A 
generalized upper Pliocene landscape is shown in Pi 75 The Pliocene was rcnurl able 
for the development of carnivores which thrived and gained supremacj over 
herbivores due to their greater speed and power of attack The great sabre-toothed 
tiger had its maximum development m this epoch Sttulodart spread o\ er Nordt 
America and migrated to South America by the land bndge diat came into existence b) 
the withdrawal of water from die Ptnama region It was a short-tailed animal, much 
more hcavil) built than the modem lions Its canine teeth were kmfc-hl c and curved for 
slashing or stabbing Its legs were not built for running It would await its victims 
near grov es or water spots and then pounce upon them Elcphas anhquus had its counterpart 
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m Elephas mmadiais which had a peculiar skull due to the development of an ovcrfoldcd 
ndge on its frontal Due to the changes that took place at the end of Pliocene and in 
early Pleistocene, some regions inhabited by Elephas antupws became isolated as islands, 
where species became dwarfed and specifically distinct from those found elsewhere. 

Bos made its first appearance in the upper Pliocene of Val d’ Amo, in Tuscany, Italy 
Like the present day ox, n had two well developed horns. In the ancestral forms, m the 
upper Miocene, the horns were close together as m the modem antelopes and sheep In 
the Pliocene, as the forehead broadened, the horns became widely separated from each 
other The side toes were present but were reduced, shifted behind and did not touch the 
ground Their reduction in size was for adaptation to the plains and this was accompanied 
by the corresponding modification of the two remaining toes carrying the “clo\ cn hoof”, 
and fusion of the sole bones mto one known as the cannon bone 

In India, the Tatrot stage (upper Swvalik), referable to the lower Pliocene, contains 
some of the genera found m the middle Siwaliks These include Hippanon, Merycopotamus 
and Hippopotamus Stegodon is more common than Mastodon Large giraffes developed mto 
the bizarre Sn athermm, the largest known ruminant, with a skull measunng over 60 cm in 
length It had two pairs of bony horns, the hinder pair being much larger than the front 
one The buffaloes and new types of antelopes and other ruminants arc also seen m the 
Tatrot stage First true elephant, Elephas plamfrons, and first true ox, Bos acutiformts, appeared 
in the Prnjor beds, which are, therefore, comparable to the upper Pliocene of western 
Europe Other fossils found m the Pmjor beds include Stegodon, Equus, Rhinoceros, Mery- 
copotamus, antelopes, etc A similar assemblage of fossils has been found in Ceylon The 
Upper Irrawaddy Senes of Burma has also yielded species of Mastodon, Stegodon, Hippo- 
potamus and Bos, comparable with those found m the Tatrot stage The speaes of bison. 
Bos, etc m the Pmjor are more pnmidvc than any found elsewhere It is, therefore, 
reasonable to suppose that India was a centre where excellent opportunities for flounshing 
of Bovmae were available, and migrations from India were responsible for the oxen 
and buffaloes of the world The modem fauna of central Africa includes man) bovine 
genera of the Siwahk Senes These are evidently immigrants from Asia 

The upper Siwahk beds referable to the Pmjor stage, found m the Pabbi hills, 
Gujarat district West Pakistan, have yielded fossils which include Stegodon ganesa, S 
utsigms, Elephas plamfrons, Siuathermm giganteum. Bos acutfrons, etc 

Mammalian fossils were first discovered from the Siwahk hills near Hardwar in 
1839 Perhaps the most extraordinary find then was that of bones and portions of the 
carapace of a giant tortoise, measunng over 6 m in length, m die upper Siwahk, 
which has been named Colossoehelys atlas This speaes has also been recorded from die 
Tatrot stage of the upper Siwaliks near Chandigarh m Punjab 
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UPPER PLIOCENE LANDSCAPE 

Giyptolheriam and Equui In the foreground SlrgomaiJodon aruorue In the hick ground group of PJ oerne 
italllon* mart* and foal* (lrfl) and group of Etjuui mam and foal* (right) 
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Ev olationary Trends 

The Tertiary was above all the "Age of Mammals" and by far the greater part 
of mammalian ev olunon took place during this penod Of the 15 orders of niammah 
found m the Patcoccnc, the first epoch of the Ternary, only 3 descended from the Creta- 
ceous These were multituberculatcs, opossum-hke manupials and the shrew -hkc and 
hedgehog- like insecavorcs The remaining 12 orders were placental mammals, which 
probably ev olved from an mseettv ore stock within an extremely short span of geological 
time during the passage of the Cretaceous to the Ternary The conditions for such an 
explosive ev olution were then available The dinosaurs, the enemies of the primitive 
mammals were all gone There was limitless living space and most generous food supply 
Some new foods m the form of highly concentrated products of flowering plants, fruus 
and nuts, or insects feeding on flowering plants were also available, providing better 
nourishment The mammals, therefore, multiplied, underwent many adaptations, 
radiated out in every direction and occupied every available habitat There were tree- 
dwellers, burrowing animals, herbivores, and carnivores In the Eocene, 10 new orders 
arose and were added to 15 orders derived from the Palcoccnc The mammalian fauna 
durmg early Eocene was thus a complex of archaic, moderately ancient and new types, 
living together The multituberculatcs vs ere displaced by the more advanced rodents 
There were archaic herbivores, eg Phenacodus, with teeth adapted for plant eating, 
but with claws, long tail and short hmbs, characteristic of flesh-eating animals There 
were also early carnivores, known as Creodonta, rather poorly built m comparison 
with their modem counterparts They had no camassials, but only molars, capable of 
crushing food Dog-like, cat-like, and hyacna-hhc forms were also present Penssodacty Is, 
the toed ungulates, suddenly appeared at the beginning of Eocene and were represented 
by Eohippits, dawn horse, m North America and by Hyratothenum in Europe These were 
very small in size Arnodactyls, die even-toed ungulates, of which pigs, sheep and catde 
arc typical examples, remained in obscurity during the early Eocene, hut spread out 
vigorously durmg the late Eocene There were bats m the air and whales in the oceans, 
but the evolutionary history of diese is not definitely known The whales evolved 
during the Eocene Epoch from the primitive carnivorous land mammals, that entered 
the oceans presumably using risers and coastal marshes as stepping stones They reached 
their maximum development m the new habitat some erne between the Miocene and 
Pliocene Epochs, probably 22 or 13 million y cars ago Many of them became giant animals 
exceeding die great dinosaurs m sue Several other mammals also took to the sea durmg 
die Tertiary These include the sea-cows of the Palcoccnc, and the seals, sca-hons and 
walruses, nuking tlicir fine appearance in the Miocene The similarity of the Palcoccnc 
fauna of Europe with that of North America suggests land connection betw cen the 
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two continents Australia, since early Tertiary, harboured a fauna of its own Tins conti- 
nent was separated from the rest of the w orld before the evolution of the higher mammals 
took place Here, the marsupials, protected against more advanced competitors, c\ol\cd 
independently in many directions playing the role which the placental mammals per- 
formed in Eurasia, Africa and North America There grew marsupial hcrbiv ores and 
carnivores, marsupial “squirrels”, and so on, a cunous fauna which is still seen in that 
continent 

South America likewise became separated from the rest of the world some time 
after the beginning of the Tertiary This region was then inhabited by various archaic 
planccntales Shielded from outside competition, a unique fauna cv oh cd there In the 
Pliocene, North and South America were again connected by the Panama isthmus 
and immediately there was a southward migration of modem ungulates and carnivores 
leading to the extermination of most of the endemic South American ungulates Some 
of them were able to escape from the immigrants, and survived well into the Pleistocene 

By the end of the Eocene, archaic mammals were replaced by more advanced 
species, which were the forerunners of the present day mammals Thus, by the 
beginning of the Obgocene, mammals began to assume a modem appearance New 
families of penssodacty Is and artiodactyls appeared during the Obgocene, and hones 
deer, rhinoceroses camels, cats, dogs, etc could now be recognized The crcodonts and 
giant ntanothercs became extinct 

During the Miocene, there was a general uplift of_thc continents The northern 
land masses grew cooler and drier Forests retreated and grasslands expanded, providing 
much scope for the development of the hoofed animals Uplift of land brought Eurasia 
and North America into contact across what is now the Bering Strait Africa and Eurasia 
also became connected, allowing inter-migrations of fauna But not all the mammals 
found had crossed the available land bridges Thus, the isthmus of Panama, during the 
Pliocene Epoch, provided a link between North and South America "While there was 
an influx of immigrants from North to South America, the beavers, pronghorn 
antelopes, etc never moved down from the north, and the monkeys never went 
all the way along the Panama isthmus from the south The links provided by such 
isthmus bridges are called “filter bridges” as they act like filters, allownng inter- 
migrations of some faunal elements but not of others 

In the Pliocene Epoch, the land continued to rise, climate also became cold heraldmg 
the coming Ice Age of the Pleistocene Warmth-loving mammals migrated to warmer 
places Although some specialized forms evolved, the growing harsh and uncongenial 
environment restricted die expansion and diversification of the mammals, so that the 
inefficient and dull forms began to die out 
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It will be seen that primitive ungulates, primitive carnivores, carl) primates (prosi- 
mians) , mscctivorcs, and mulutuberculatcs formed the bulk of tiic Palcoccnc and carl) 
Eocene faunas The primitive ungulates constituted 15 to 30, primitive carnivores about 
20, primates about 10, and mscctivorcs about 10 to 20 per cent of the fauna In the late 
Eocene and Ohgoccne, the modem ungulates formed about 50, modem carnivores 
about 5 to 25, and rodents about 10 to 25 per cent The primitive t)pcs w ere on the v erge 
of extinction The same general pattern conttnucd more or less through the rest of the 
Termr) into the Pleistocene when the penssodact) Is, artiodactjls and carnivores suffered 
a great set bach Since about the middle of Ohgoccne, the aruodactjls started expanding 
while the penssodact) Is declined and ultmiatel) both died out m tl c Pleistocene Since 
about the middle Ohgoccne, the rodents have been greatl) expanding and toda) the) 
constitute half of the North American mammalian fauna 

No new major groups of marine mv ertebrates appeared m the Tertiar) The cv olution 
of these animals during the Tertiary Period, continued to be on the pattern which their 
Cretaceous ancestors had exhibited At the beginning of the Tertiary, the tropical seas 
encircled the world broad!) on either side of the equator permitting mtcr-migration of 
fauna so that there arc many similarities among marine fossils from the opposttc sides of 
the earth. But with the passage of time, the extent of tropical seas became more and more 
restricted The ocean v\ aters of middle and high latitudes became graduall) cooler, and 
many marine faunas became adapted for cold and even very cold water habttats In the 
late Tertiar) , it became possible to distinguish cold vv ater faunas from w arm w ater ones, 
though the) had a rather different distribution from those of the present da) No doubt 
the forammifers, modem corals, lamclbbranchs and gastropods, the eclunoids, and the 
crustaceans became firm!) established in the sea and evolved along diverse lines, die 
manne invertebrates of die Tertiar) Period, at least during ns earlier half, might not 
have been as prolific as during the Cretaceous Period This was because the uplift of 
the imd oftermg cite period c’rmmafcd the inferior seas, thus redcrcmg (he fmng: spree, 
while rapid erosion of land mass flooded the continental shelves with silt and mud, 
making the regions unfav ourablc for such organisms as sponges, corals, brachiopods, 
br) ozoms, crmotds, and other fixed forms to thrive Since the Tertiar), the moderniza- 
tion of fauna has been going on 

The Smabh fauna ts close!) similar to that found m the Miocene and Pliocene of 
southern Europe, northern Africa, centra! Asia, China, Pakistan, Burma and Malaysia 
The simdanrv has been more marked in some epochs than in others Tims, the lower 
Miocene mammals of India, Pakistan, Burma, Europe and northern Africa arc so similar 
as to indicate free land communications among these regions during that time During 
the middle Miocene, land communications became restricted and die species showed 
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independent coins es of evolution The anthracotheres became extinct m Europe but 
persisted m India and Pakistan in Merycopotamus, the possible ancestor of Hippopotamus 
During the Pliocene, free communication between Europe, Pakistan, India and China 
was restored and hordes of mammals that were developing in Asia during the upper 
Miocene migrated to Europe producing a sudden faunal change there The closer 
similarity of the Pliocene mammalian fauna of China to that of Europe than that of India 
is due to the rise of the Himalayas which acted as a barrier, probably climatic, rather 
than physical Sivathemim, which is exclusive!) of upper Siwahk, seems to have migrated 
mto central Africa m the Pleistocene In India, the Giraffidac were rather numerous m 
middle Snvahk tunes, scarce m the upper Siwahk and later became extinct Remains 
of extinct species of giraffe have been found m Greece, Hungary, Iran, Pakistan India 
and China, but the family is now exclusively African The Bovsdac probably originated 
m central Asia According to American palaeontologists the Hippanon found m the 
Siwaliks of India, is a migrant from America, but Pdgnm claims that Hippanon and 
Eqtttts separately appeared earlier m India than in North America and, therefore, could 
not be migrants from the latter continent There is little doubt that the Probosadae 
originated in Africa, but the genera Stegodon and Elephas originated in India The 
anthropoid apes are represented in such a variety in India that the original centre of 
distribution of the group could not have been far 3way from northern India They 
possibly came from the west through Egypt and Arabia From the entire Smaliks, over 
80 specimens have been classified under four genera — Sivapithcctts, Sngrn apithccus, 
Braimapithecits and Ramepirfiectts 

Comparing the present day mammalian fauna of India wuth that of the Siwahk 
Period, of which the latest part comprises the earl) Pleistocene and is treated m detail in 
the next chapter, one feels as if one is living in a world from which all the largest, fiercest 
and strongest forms have recently disappeared The Siwahk carnivores, for instance, 
are more numerous than the living forms of similar size in the same area, while the 
ungulates exceed their living representatives in number in the proportion of about five 
to one there being something hke hundred known Siwahk fossil species and onl) eighteen 
recent No less than fourteen extinct elephants and mastodons and two dmotheres are 
represented by a solitary living form Even such modem types as oxen and buffaloes 
have dwindled from eight to two As w other parts of the world, the Pleistocene in 
India is marked by the wholesale extinction of land mammals, a result no doubt of the 
revolutionary character of this Epoch, with its violent fluctuations of climate 
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THE QUATERNARY PERIOD —I 
The Pleistocene — The Ice Ace 


Tim Quaternary, the shortest of all the geological periods and unparalleled climatically 
m its development of the Ice Age, commenced about a million yean ago It is sub-divided 
mto the Pleistocene (the glacial age) and the Holocene or Recent (the post-ghaal age) 
The Holocene began about 10,000 years ago Russian scientists, however, recognize 
three sub-divisions of the Quaternary, namely the Eopleistoccnc (Q,), the Pleistocene 
(Q 2 ) and the Epipleistoccnc (Holocene, Qj),- Though moraines were first discovered 
m the Swiss Alps in about 1800, most Quaternary deposits have been known for a long 
time as products of flood, to which Buckland gave the name Diluvium in 1823 The 
Holocene was formerly known in Germany as Alluvium Venetz in 1829 first suggested 
that the glaciers formerly existed in northern Europe Evidences of extenstve glaciation 
m northern North America were found some years later About a century ago, it was 
discovered that the Kashmir valley and its adjoining northern parts were also heavily 
glaciated in the past 

Tire presence of ice in the past is inferred from the occurrence of boulder clay or 
glacial boulders which arc often scratched and angular, the polished and striated pa\ emails 
caused by the movements of glaacrs over them, and the glacial moraines left behind 
after recession and melting of ice Other indicators ate the U-shaped valleys carved out 
by glaciers, the widespread glacial debris over most of the glaciated area, the terraces 
formed along the banks of nvers by the fast moving waters released from the melting 
glaciers, and the fluctuations in sea level, if not due to tectonic movements Together 
with these physical evidences, the alternation of the cold loving and warmth-loving 
plant and animal populations in response to climatic changes provide ancillary proofs 
of past glaciation 

Dunng the Pleistocene, there were four major glaaatiom, popularly known as 
Gunz, Mmdcl. Riss and 'Worm, which in some countries arc known by the regional 
nomenclature such as Nebraskan, Kansan, Uhnoian and Wisconsin in the USA, and 
Wey borne, Els ter, Saale and Wcichsel in Germany and Holland Some experts, like 
Zeuner, use an entirely different set of names Regional names have been also 
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applied to the intervening mtcrglacials such as the Cromer, the Clacton and the Hoxne 
m the British Isles, and the Aftonun, the Yarmouth and the Sangamon in North America 
In some countries, both the glacials and the mtcrglacials arc known by numbers as I, II, 
III and IV These correspond, under the classic Alpine system to Gunz, Mmdcl, Riss and 
Warm which form a basis for comparison with the rest of the world The III or the 
Riss glaciation was perhaps the most extensive of all Recent research has brought to 
light that in addition to these four major ghaations, there were several periods of glacial 
advances and retreats and warm climate (Inter-stadials) during the glacials 

Glaciation in the Himalayas 

In. the lesser Himalayas of Punjab, glaciers from, the Dhaula Dhar Range spread 
out into piedmonts, the outflow from which reached the present level of 700 ni m 
Beas valley during the first advance Two later advances, which did not dcsccrd to such 
a low level, could still transport vast blocks of granite Glaciated land forms arc recogniz- 
able m some places m the foothills The Kangra valley is strewn with boulders and 
moraines below the Dhaula Dhar Range (PL 76 and 77) Behind the Dhaula. Dhar, glaciers 
still persist, and glacial tarns in the upper part of the range prove the occurrence of a late 
phase of minor advance 

The glaciers of the Karakoram and upper Indus drainage have been studied more 
thoroughly than those of the lower ranges on account of their influence on floods in the 
Punjab Garhwal and Ktunaon, and the Evcrcst-Kanchcnjanga regions, are also well 
explored but most of Nepal and Bhutan arc still imperfectly surveyed, and the north- 
east frontier has hardly been touched 

Of all the four major glaciations in the Jammu & Kashmir State, the second was 
of maximum intensity with the glaaers descending down to the foothills There w ere 
two glacial advances during the second glaciation and four during the fourth The 
intervening interglacial periods were of much longer duration than the glacial periods 
In the adjoining region of the outer Himalayas, the Sivvahks, nver terraces corresponding 
to glacial and interglacial stages have been recognized (Pi 78A and 78B) Various lands 
of sedimentary rocks, belonging to the Pleistocene arc days, silts, sandstones and loess 
The clays may be varved and the silts generally laminated Large stretches of deep 
alluvial terraces comprising sands, gravels, and clays occur m the Sutlej valley in 
Hundesh beyond the central Himalayas 

Conditions in Other Parts of the Indian Sub-Continent 

Peninsular India was never under glaciation, but m several of its nv er valleys such as 
of Narmada, Godavari, Krishna, and Kortalay er in Madras gravel beds or conglomerates 




GLACIAL BOULDERS (TKRAT1CS) AND MORAINES PARTIALLY RURICD IN CLAY, STAR 
NAGROTA IN KANGRA VALLEY, S57 METRES ABOVE SEA LEVEL IN FRONT OF THE HIMA- 
LAYAN AXIS Or THE DIIAULA DHAR RANGE 
T1i«* boulJcn vr*r* drpotitrd In llie PUUtocme Epoch 
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ire found intercalated 'with silts and cla)*s Constituting the river terraces, these alluvial 
deposits arc believed to show events in the peninsular region corresponding to those in 
the glacial regions Some of these have been correlated with thcglacnland interglacial 
phases on the testimony of animal fossils 

Many hundred metres thick, sands, silts and ciavs with occasional gravel beds and 
lenses of peat} matter occur in the great alluvial tracts of the Ganges, the Brahmaputra 
and the Indus m the depression between the peninsular and c\tra-penmsular regions The 
deposits show a succession from the upper Eocene to the Holocene 

During a glacial phase, the waters of oceans were locked up m ihc glaciers and 
consequent!} the sea level fell exposing more land During an interglacial the locked 
up water w as released through the melting of ice as a consequence of v\ luch the sea lev cl 
rose and transgressed the coastal areas The accompanying earth mov ements submerged 
or raised certain parts of coastal regions Raised beaches up to 30 m ibovc the present 
sea level along the eastern coast xn Orissa, Nellorc, Madras Madurai and Ttrunclvch 
and along the western coast in Kathiawar, and Mehran coast and estuarine deposits far 
inland in Gujarat and Rann of Kutch arc some of the evidences of the emergence of 
land. Tossd woods and peaty deposits, a few hundred metres below the surface m Bengal 
Basin, Pondicherr) and Bombay (Princes* Dock) provide the evidence for the sub- 
mergence of land. 

Glaciation in Other Parts of the World 

Three great ice centres existed in Europe — one m Scandinavia, another in the 
British Isles and the third in the Alps The Scandinavian ice sheet extended into the 
heart of central and eastern Europe It avts about 900 m thick at its centre which la} 
sliglitl) to the cast of the present mountain water shed The British ice sheet although 
confined to the British Isles except the south of England, sometimes formed an extensive 
and continuous ice sheet with the Scandinavian A nctvv ork of vallc) glaacrs characterized 
the ice centre m the Alps, avhcrc the higher peaks remamed unglaoatcd The amount 
of glaciation decreased eastward because of the increasingly continental climate 
(Bg 69) 

Several separate ice centres existed m America The Laurcntian ice lay over the 
relatively low lvmg area of the eastern part of the Canadian Shield and Jt originated in 
th , ‘ highlands of north-eastern North America Westward, the Laurcntian ice was 
connected to the Cordillcran ice which extended over a distance of about 3520 km 
from the Columbia river to the Aleutian islands Innumerable glacier complexes existed 
in other places, the largest of which lay m the Sierra Nevadi of eastern California With 
the exception of the Brooks Range, northern and central Alaska were never glacmcd. 
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A VIEW OF THE SITE NEAR PINJOR FROM WHICH SKELETON OF STEGODON GANESA MAS 
RECOVERED 





THE QUATERKARY PERIOD — 1 


221 


arc found intercalated ivjth silts and clajs Constituting die nver terraces, these alluvial 
deposits arc believed to show events in the peninsular region corresponding to those in 
the glacnl regions Some of these have been correlated with the glacial and interglacial 
phases on the testimony of animal fossils 

Many hundred metres thick sands, silts and clays with occasional gravel beds and 
lenses of peat) matter occur in the great alluvial tracts of the Ganges, the Brahmaputra 
and the Indus m the depression betw ccn the peninsular and extra-peninsular regions The 
deposits show a succession from the upper Eocene to the Holocene 

During a glacial phase, the waters of oceans were locked up in the glaciers and 
conscqucntl) the sei level fell exposing more land During *ui interglacial, the locked 
up w atcr w as released through the melting of ice, as a consequence of w lucli the sea lev cl 
rose and transgressed the coastal areas The accompanjmg earth movements submerged 
or rused certain parts of coastal regions Raised beaches up to 30 m above the present 
sea level along the eastern coast m Orissa, Ncllore, Madras Madurai ind Tinmchch 
and along the western coast m Kathiawar, and Mckran coast, and estuarine depostts far 
inland m Gujarat and Rann ofKutch arc some of the evidences of the emerge. nee of 
land Fossil woods and peaty deposits, a few hundred metres below the surface m Bengal 
Basin, Pondicherry and Bomba) (Princes’ Dock) provide the evidence for the sub- 
mergence of land 

Glaciation in Other Parts of the World 

Three great ice centres existed in Europe — one m Scandinavia, another in the 
British Isles and the third m the Alps The Scandinavian ice sheet extended into the 
heart of central and eastern Europe It was about 900 m thick at its centre which la) 
slightly to the cast of the present mountain water shed The British ice sheet, although 
confined to the British Isles except the south of England, sometimes formed an extensive 
and continuous ice sheet with the Scanduiavnn A network of vallc) glaciers characterized 
the ice centre in the Alps, where the higher peaks remained unglacutcd The amount 
of glaciation decreased eastward because of the increasing!) continental climate 

(Fig 69) 

Several separate ice centres existed m America The Laurcntian ice h) over the 
r Jam cl} low l}ing area of the eastern part of the Canadian Shield, and it originated in 
die highlands of north-eastern North America Westward, die Liurenttan ice was 
connected to the Cordillcran ice which extended over a distance of about 3520 kin 
from die Columbia m cr to die Aleutian islands Innumerable glacier complexes existed 
in other places, the largest of which la) in the Sierra Nev ada of eastern California With 
the exception of the Brools Range, northern and central Alaska were never glaciated 
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A continuous ice sheet was developed in the South American Andes spreading o\cr the 
low lands of Patagonia m the south. 

In Asia, ice covering great parts of western Siberia and extending eastward across 
the Yenesei was the direct extension of Scandinavian ice sheet Other mountain ranges 
in Asia, Africa, Australia, Tasmania and New Zealand bore glaciers Even in the polar 
regions, the extent of glaciers varied considerably during the Pleistocene, the inter- 
glacials have also been recognized there 

In the lower latitudes and and regions, successive periods of abundant rainfall were 
followed by dry periods This is evidenced by the fluctuating lake le\ eh and alternating 
latentic and calcareous deposits of salt and mud 

Crustal depression under ice load. The study of the shorelines has shown that 
under the immense ss eight of the ice, the crust of the earth m the northern hemisphere 
was deeply pressed down by at least 200 m The crust of the earth acts like a steel 
spring which is depressed under heavy load and tends to rise on removal of the load 
The Great Lakes and the Hudson Bay in North America and the Baltic Sea in Europe 
are the largest depressed regions of the Pleistocene glaaation These are still slowly rising 
as the ice has melted away Greenland is perhaps the most obvious example of a present 
day ice-depressed region Here, the ice cap is about 3360 m duck, while the central part 
of Greenland is at least 360 m below the sea level 
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Besides the accumulation of vast quantities of ice during die glacial age, most of 
the areas near glaciation had their soil, ground w ater and cv cn bed rock frozen to 
varying depths up to 600 m ,and a ness word, permafrost, has been coined to denote 
these characteristic features Ground ice, once established, gross's like common mineral 
crystals As melted ice water cannot penetrate the still frozen earth beneath, die soils on 
sloping permafrost get water-logged. Tor this reason, the northern Tundra is seen to be 
dotted wadi many lakes and bogs Buddings on permafrost arc liable to subside if the 
frozen ground thaws out In the nordicm hemisphere, about 45 million sq km arc 
now underlain by permafrost 

Effects of glaciation on soil and ocean water. No effects of Pleistocene 
glaciation arc more important than those concerning the sods of the nordicm hemi- 
sphere In Canada, many glaciers Jmc scoured away die sod mantle as well as the 
upper weathered portion of the bedrock over wide areas The sod stripped aw a) from 
north-eastern Canada was earned to the upper part of the Mississippi Basm, where 
the sods have been made deeper and richer Boulders and other rock debris earned 
away bj the glaaers and deposited m the plains made cultivation difficult Previous!}, 
the boulders and the chaotic piles of rock debns in nonhem hemisphere, left b) die 
melting glaciers, were thought to have been caused by Noah’s flood Locall), however, 
the melted water had laid down finer sediments which arc now found as patches of 
fertile soil Tlic ice movements were mostly guided by low lands, basins and troughs 
where new features have been introduced into the landscape after the disappearance 
of the glaaers The glacial deposits also, depending on their mode of deposition, have 
distinct topographic features 

Other accompanying glacial effects include increased wand action and cooluig of 
ocean waters It is believed that the Pleistocene glaaas bchav cd much the same wi) 
as does the Greenland glacier at present A Urge growing ice mass sets up anti-c) clonic 
action at its centre These air movements sweeping outward encounter die warm and 
moist air at the ice margin and cause maximum precipitation there According!), the 
ice mass grows along its margin as seat toda) m Greenland glaaer where wind blows 
outward for nine months in the ) ear sweeping snow off to the margin and giving me 
to a fringing glaaer 

PAL AEO GEOGRAPHY 

India 

The present shaping of India took place during the Quaternary The Himalayan clurn 
\\ as uplifted to die present loft) heights and the uplift resulted m the formation of valleys 
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such as of Kashmir and Kathmandu Scv eral lakes w ere also fonned in the Himalay as such 
as the Karev, a lake in Kashmir and Kathmandu lake in Nepal, which were later drained 
due to earth movements Chilka lake in Orissa also came mto existence during the 
Pleistocene 

Sea levels fluctuated along the coasts and the records of emergence and subsidence 
show’ that the coast line has been changing Coasts of Kathiawar, the Rann of Kutch 
and the eastern coast were elevated Raised beaches were formed m the districts of 
Tirunelveh and Ramanathapuram Amongst the recent evidences of submergence 
maj be cited, Cormga near the mouth of Godavari, Kavenpamam m the Cauvery 
delta, and Korkai on the coast of Tirunelveh, which were the flourishing seaports 
about 1000 to 2000 years ago The rue of Allah band m Kutch is also a recent event 
The Madhupur jungle m East Pakistan was elevated recently b) about 30 m and the 
course of the Brahmaputra was shifted westward 

The nvers of the Indus system liavc shown a gradual shift to the west The present 
drainage pattern and the deltas took shape during the Pleistocene The Narmada formerly 
flowed more towards the south-west m Khandesh and joined the Tapti The straight 
courses of the Narmada and Tapti appear to be largely determined by faults due to 
comprcssional forces that acted from north to south producing E-W features during 
the final uplift of the Himalayas m Pleistocene times These basins arc nft valleys 
formed by the sinking of land between roughly parallel faults “The straight 
wall-like escarpment of the Malvva plateau along the north side of the Narbada and of 
the Deccan plateau south of the Tapu-Puma valley in southern Khandesh” arc intrinsically 
suggestive of this according to Sir Edwin Pascoe But as the rocks underlying the alluvium 
of theNarmada have been found to be usually members of the Vmdhyan or Dharvvanan 
formations it is certain that simple faulting ma) not be the sole cause of the formation 
of the northern edge of the Narmada valley, but differential erosion must also have 
played a considerable part It is known that during Cretaceous Period, a narrow 
gulf mvaded deep mto the Narmada and Tapti valleys The Narmada Basin may , there- 
fore, be a remnant of some Gondvvana basins along which the sea penetrated mto Revva 
m Madhya Pradesh to link with the extensive Productus Sea of the Persian Gulf 
region and Salt Range of West Pakistan 

Almost all the nvers m the extra-peninsular India arc of Pleistocene origin. The 
nver Bcas used to flow through Lahore and Montgomery distnets and earlier joined 
the Chenab near Shujahbad from where the Chenab turned westwards About a thousand 
years ago, the Sudej nver instead of joining the Indus system, as at present, flowed into 
the Sarasvan (Hakra or Ghaggar) in Bikaner The Ghaggar is now lost m the desert 
and the channels of its vanous tnbutanes can now be traced The Yamuna vv is also a 
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large river in. tlic past and it flowed south and south-west and shared its waters with die 
Sarasvari. Similarly, the Ganges, die Hooghly and the Brahmaputra have acquired tlidr 
present courses during the Pleistocene and Holocene. 

The final filling up of the fore-deep and the origin and progressive development of 
die Rajasdun desert arc the other important features which came into existence during 
the Pleistocene and Holocene. 

Other Parts of the World 

The islands fringing the mainlands today were their parts during die Pleistocene, e.g. 
Ceylon of India; Andaman and Nicobar Islands of Burma; Malay Archipelago, Sumatra, 
Java, Borneo, etc. of the mainland of South East Asia; Britain of the European continent 
across the Nordi Sea and English Channel; and Japan, Formosa and Kuriles of China. 
After the withdrawal of ice, the subsidence m the Baltic Basin created the Yoldn Sea. 
Evolution at a later stage converted this sea into a freshwater lake, die Ancylus Lake. 
A later sinking of the land followed by incursion of the sea created the Littorma Sea. 
The Alps and the Carpathians were finally uplifted to their present loft)* heights. 

Volcanoes bordering the Pacific Ocean and those of the Hawaiian Islands, Indonesia, 
Mediterranean and West Indies became active only during the Quaternary though they 
dtd exist during the Pliocene. Elevation and erosion characterized the Quaternary m 
Mexico, Alaska and western Canada. The coastal mountain ranges of the western United 
States, the Sierra Nevada region, the Cascade Range, the whole Colorado plateau 
region, etc. were finally uplifted dunng the Pleistocene. 

The crustal deformation in late Tertiary culminating m the Pleistocene, has resulted 
in the formation of profound elongated depressions, sometimes thousands of metres 
deep, like those of die Great African Rift valley that zigzags from Palestine to Rhodesia, 
involving the Dead Sea, the Red Sea and die Tanganyika, Nyasa and the Albert likes. 

Climate. The variety and succession of climatic dunges dunng die Quaternary, 
in extra-peninsular India, stand unique. Correspond mg to die periods of glaciation and 
intcrglaciation, the climate was alternately cool and warm. The same trend is believed 
to be continued at present, which is considered a part of interglacial penod after the last 
glaciation. It lias been estimated tlut an average decrease of temperature during the last 
glaciation was *4°C and in temperate latitudes it was 8° to 12 3 C. The temperatures 
during in tcrglacials were higher than today. 

There is no physical evidence of recent glacial conditions in the peninsular India. 
But there arc indications of colder climate dun die present dunng a poi: -Ternary Period. 
On several isolated hill ranges and plateaus, like the Ntlgtns, the Shevaroys. etc. as well 
as on the mountains of Ccslon. arc found temperate faunas and floras which arc absent 
15 
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in the low plains of the regions, but arc related to the temperate faunas and floras of the 
Himalayas, the Shillong plateau of Assam, the Naga hills, and the mountains of Malaysia 
and Java Several Himalayan plants arc found even on such isolated peaks as Para snath 
in Bihar and Mount Abu in Rajasthan For example, the occurrence of the Himalayan 
plant, Rhododendron arhoreum , and the mammal, Maries flavtgula, on both Nilgiro and 
the mountains of Ceylon is significant More interesting is the occurrence of a spcacs of 
wild goat, Capra hytoennus, on the Ndgin and Anamalai and on some hills further south. 
The only other known spcacs of the genus Capra tn India is Capra (Hemrtragur) jem/ta/ieus 
which lives in the temperate regions of the Himalayas from Kashmir to Bhutan 
The lizard, Ly go soma stkkunense, the beetle, Thynsia uralhcht, the ctcad, HapJtsa mcomache, 
and a ft), Sepsis cy nip sea, occur on the top of Parasnath and nowhere else in the plains 
except in close proximity to the base of the Himalayas There is little doubt that a 
great portion of the temperate fauna and flora of the south Indian hills has been living 
there prior to the glacial time “It would be possible” wntes Pascoc, “for the spcacs 
common to Ceylon, the Nil gins and the Himalaya to have migrated at a time when 
the country was damper without the temperature being low cr, but it is difficult to under- 
stand how the plains of India could have expcnenced a damper climate without either 
depression, a change m the prevailing winds, or a diminished temperature suffiaent to 
check evaporation A depression would have caused a large portion of the country to be 
inundated by die sea, a change which in itself would have prevented rather than aided 
the migration of animals and plants A change m the prevailing winds w'ould have been 
improbable so long as the distribution ofland and water was m general what it is today. 
There arc some grounds for accepting the remaining theory , therefore, that the temperature 
of the inters cning plains was for an appreciable period suffiaendy low er than it is now to 
permit some of the animals and plants from the Himalaya to wander south ” 
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THE QUATERNARY PERIOD — II 
History of the Himalayas, Indo-Gasgetic Plains 

AND OTHER FEATURES OF INDIA 


Some parts of the Himalayas ha\c risen b) at least 1500 m. since die middle 
Pleistocene The Himalayas arc die highest mountains of the world, and their upheaval 
From the floor of the Tethys Sea is a great epoch-making event in the geological history 
of the Indian sub-continent They present die rain-bearing winds from the Indian Ocean 
passing our of the sub-continent and protect it from the cold and dry northern 
winds By reason of their altitude, they arc cold enough for die formation of glaciers to 
feed their men Without these great mountains, the Indo-Gangcuc plains would Jmc 
been an and and desolate country like die Thar desert of Rajasthan, which lies outside 
the padi of the monsoon and is, therefore, almost rainless Nearly all the ram that falls in 
the Himalayas and all the snow that melts on them come to the sub-continent and only 
tnsigntficant quantities enter Tibet 

The Himalayan men base made the Indo-Gangctic plains, one of the most fertile 
regions of the world. But the men arc subject to frequent changes m dieir courses 
A brief oudme of the history of the Himalayas and their men is gisen below 


THE HIMALAYAS 

The Quaternary Penod saw the final uplift of the Himalayas Time and again their 
present site was flooded by the Tethys Sea. Though the Himahsas rose out of 
dus sea dunng the Eocene Epoch, some 50 million years ago, die sea basin was 
accumulating sediments that now form the rocks m the Himalayas, since the Cam- 
brian Period half a billion yean ago Tun her, the sediments of the Cambrian Period 
were deposited on a floor of pre-Cambnan rocks which had also passed d rough a long 
and complicated history These rocks form the bulk of the central Hunalayan rone, 
comprising most of the lesser or middle Himalayas together with the Great Himalayas. 
The rocks arc granites and ancient sediments that ha\c been greatly altered by heat 
and pressure giving nsc to gneisses schists, phyllucs, etc These rocks are relies of win t 
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was n mountain iangc which probably divided the Tethys into at least tw o gcosynchnes 
the northern of which developed under conditions permitting a fully fossilifcrous succes- 
sion to subsist from the Cambrian to the Cretaceous, while during the development of 
the southern, Cis-Tethys geosynchne, the environmental conditions were unfavourable 
for the existence of life for the same length of time The sea floor subsided concurrendy 
with the deposition of sediments, so that there resulted a vast pile of thousands of 
metres of shallow and deep water strata 

Certain major phases of the history of Himalayas arc obvious From the Cam- 
brian to the middle Carboniferous, their present site was dominantly an area of marmc 
sedimentation for marine fossils are found at various levels of the mountains 

The middle Carboniferous Period closed with a climax of mountain building activity 
Tethys withdrew from Chitral, Hazara, Kashmir, Spiti, Kumaon and other regions 
The new land that emerged was exposed to atmospheric erosion of v aned duration Much 
of the northern borders of Gondwanaland was high and mountainous, so much so 
that the peaks were snow-clad and local glaacrs descended into such seas as were left in 
the area paralleling the glacial flow's in the high southern and northern latitudes of Ticrra 
del Fuego and Alaska respectively Glacial boulder beds have been found in Sikkim in 
Garhwal-Kumaon mountains, Kaslimirandmtlic Salt Range and Hazara in West Pakistan 
Later, in upper Carboniferous time when the climate became warmer, the all conquering 
Glossoptcns flora took possession of the land and coal scams were formed locally When 
glaciers melted their water returned to the sea flooding the low-lying areas The sea 
level rose higher and the Tcthys returned to the Himalayan region, and sedimentation 
again started The mass of sediments that was laid down in the Carboniferous sea is now 
found as rocks on Mount Everest Some \olcanocs rose out of this sea In Kashmir, the 
Pir Panjal ranges, and in the eastern Himalaya, the Abor lulls and the Subansm in 
NEFA, were the sites of these volcanoes 

With the return of the sea on the site of the Himalayas in the upper Carboniferous 
time, there began to be deposited marine sediments containing brachiopods, lamel- 
hbranchs, gastropods, cnnoids, ammonites, etc pertaining to Permo-Carboniferous, 
Permian, Tnassic, Jurassic, Cretaceous and Eocene times The sea floor subsided con- 
currently with deposition of sediments, so that there resulted a vast pile of thousands of 
metres of shallow and deep water strata representative of tbe above mentioned ages 

Perhaps the most complete and best known sections of these strata, especially from 
the Tnassic upward to the top of the Cretaceous, together with the Palaeozoic from 
the Cambnan to middle Carboniferous arc exposed on the cliffs that constitute the 
magnificent escarpment of die Tibetan plateau in Spiti, Garhwal and Kumaon, and 
further east m Sikkim This zone is known ns the Tibetan zone of the Himalayas m 
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contrast to die Cts-Tcdi) an zone of unfossthferoos rocks forming the middle ranges 
of die mountains 

At die end of the Cretaceous, land conditions prevailed in the Himalayan region 
separating the Tethys on the north from a depression on the south' which for some time 
took the form of a manne gulf extending from Jammu south-eastward as fir as 
Lansdovviic The evidence of land conditions arc found in Ladakh and Hundesh, where 
there was estuanne sedimentation, with intermittent manne deposition dunng the upper 
Cretaceous Coal-bearmg sandstones are also found capping die eroded surface of 
Cretaceous limestone and other older rocks in the Hazara district of West Pakistan 
Further, no marine Tertiary rocks have been found m die Karakoram region since the 
aid of the Cretaceous Period The Cretaceous earth inov cmcncs w ere associated with 
volcwism m north Kaslimir and Hundesh wluch continued mto the Eocene m confor- 
mity with die volcanic outbursts of the Deccan trap m die peninsula 

Tlic crustal movcmaits that gave birdi to the Alps Iiavc also been responsible for 
die formation of die Himalayas The movementdiat first outhncddic belt along which die 
Himalayas were uplifted nuy have begun m the Cretaceous times, but such pre-Tertury 
movement was probably mild, producing an mapicnt island arc, and there is little c\ idence 
to show diat there was an) real mountain budding movement before die middle of die 
Tertnry Period. The gigantic masses of sediments that hid been accumulating upon die 
gradually sinking floor of the Tethys, since the upper Carboniferous, disturbed the 
gravitativc equilibrium of the crust towards the end of the Eocene, when a senes of 
intense mountain budding mo\ ements, separated by penods of some quiescence, started, 
resulting m the uplift of die Himalayas 

The process was begun by the outpouring of the Deccan trap lava dtrough numerous 
fissures dunng the late Cretaceous and early Eocene The abnormal tension of the earth’s 
crvst caused by the extraordinary sinking of die Tethys thorough!) upset the internal 
equilibrium of the catth The equilibrium was adjusted only by the most violent changes 
starting with great outbursts of volcanism at many centres and ending m gigantic con- 
vulsions that forced up the deposits of the Tethys mto a great mountain system It is 
estimated that about 1,666,000 cu km of lava, which exceeds m bulk the entire Ihma- 
hyas, was poured out from die bowels of die earth 

The continued sinking of the Tethys is presumed to has c been caused by crustal 
weakness Dunng sinking of the sea there was lateral thrust which narrowed the basin 
The narrowing of die basin upheavrd the sediments, and surplus sedimentary materials 
were forced up into folds above the basin to form the Himalayan chain The margin of 
the uplicaved mass also yielded under strain, developing fractures tn many places As 
the sinking sea floor reached deep into die region of high-r temperature and pressure. 
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the lower layers of sediments were melted into “magma” which invaded the crumpled 
and crushed overlying sediments as intrusions or as lava flows These now form the 
central axis of the Himalayas Some of the rocks have been squeezed up and out by the 
lateral forces from two sides and thrust mto overturned folds and faults Many of the 
overturned limbs are displaced as flat-lying folds known as nappes 

The upheaval of th** Himalayas has taken place in three major phases The earliest 
phase was at the close of the Eocene, when the Eocene nummulmc limestone and the 
underlying older strata that had been accumulating on the floor of the Tethys since the 
upper Carboniferous were uplifted imo ranges of considerable altitude (4500-6000 m ), 
found m Kashmir, Hundesh and in parts of eastern Tibet With this uplift, all traces of the 
Tethys in the Himalayan region vanished The next upheaval took place towards the close 
of the Miocene when the sediments deposited by rivers m estuaries along the flanks of the 
infant Himalayas were upraised These now constitute the middle or lesser Himalayas 
The last upheaval commenced after the Tertiary and continued mto the sub-Recent 
through the Pleistocene The movements involved the uppermost Siwalik freshwater 
sediments 

It is now generally believed that the uplift of the Himalayan system of mountain 
ranges is due to movements of two solid continental masses on two sides of the Tethys, 
directed towards one another The Central Asian continental mass, Angaraland, slowly 
moved from the north to the south under pressure from the floor of the Arcuc Ocean, 
and the northern edge of the Indian, continental mass, Gondwanaland, became down- 
warped by the northward compressive force from the Indian Ocean The Himalayan 
portion of the Tethys gradually shifted southward and became narrower, assuming 
its present trend, in early Eocene time The presence of tongue-like projections of 
Gondwanaland, one m the Kashnur-Hazara region — the Punjab wedge, and the other 
in the north-eastern extremity of Assam— the Assam wedge, have moulded the pattern 
of the Himalayan chain The effects of these two wedges can be clearly seen m any relief 
map of India It will be seen that the Himalayan chain occurs as a huge arc between 
Manga Parbat in the west and Namcha Banva in the east The convexity of the 3rc points 
south towards the Indian peninsula Though geographically the Himalayas are considered 
to be limited between these two points, die Nanga Parbat and the Namcha Barwa, the 
rock formations seem to be suddenly folded round at these points and to turn south- 
ward in rather parallel ranges 

Structure of the Hi m a l ayas The Himalay as can be divided structurally mto four 
well-marked longitudinal zones The southernmost zone bordering the Indo-Gangetic 
plains is a belt of foothills, the Siwalik hills, 8-48 km "wide and about 915 m. high. 
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The Siwahk hills arc mainly nscr deposits of middle Miocene to lower Pleistocene 
age, folded into 3rchcs (anticlines) and troughs (synclmcs) Man) of the anaclmes Imc 
been broken by faults — dislocations due to slipping of the rocks along a plane of fracture 
(fault plane) The fault planes steep!) sloping into the lulls have gi\ cn rise to steep scarps 
facing the plains 

Immediatclyadjacenttoandon the north of the Smahk hills, lies the sub-Hmulayan 
zone or lesser Himalayas, 65 to 80 km wide and of an average altitude of about 
3000 m The rocks here arc mostly unfossihferous 

Two great thrusts have been traced m the Kashmir Himalayas The southeni of 
these is knowm as the Murrcc thrust by W’hich rocks ranging in age from Carboniferous 
to Eocene have been pushed forward to ride over the mid-Tertiary rocks The north'*rti 
thrust knowm as the Panjal thrust is more significant It has driven the pre-Cambrian 
schists and slates of the central Himalayas to ov crlic die Carboniferous-Eocene rocks 
(Fig 70) In the Simla Himalayas, at least tw o nappes of pre-Cambrian and Palaeozoic 
rocks arc found to o\ crlic the Tertiary rocks of the outer Himalayas Small remnants of 
once extensive thrust mass (nappe) of metamorphosed older rocks that have survived 
erosion form die upper part of the ndge on which Simla is situated. 

Furdicr north is the central Himalayan zone (Great Himalayas) of high ranges with 
snow dad peaks It consists mainly of metamorphosed sedimentary rocks intruded b> 
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the lower la) ers of sediments were melted into * magma” which invaded the crumpled 
and crushed overlying sediments as intrusions or as lava flows These now form the 
central axis of the Himalayas Some of the rocks have been squeezed up and out by the 
lateral forces from two sides and thrust into overturned folds and faults Man) of the 
overturned limbs are displaced as flat-lying folds known as nappes 

The upheaval of th- Himalayas has taken place in three major phases The earliest 
phase was at the close of the Eocene, when the Eocene nummulidc limestone and the 
underlying older strata that had been accumulating on the floor of the Tcthys since the 
upper Carboniferous were uplifted mro ranges of considerable altitude (4500-6000 m ), 
found in Kashmir, Hundesh and in parts of eastern Tibet With this uplift, all traces of the 
Tethys in the Himalayan region vanished. The next upheaval took place towards the close 
of the Miocene when the sediments deposited by rivers in cstuanes along the flanks of the 
infant Himalayas were upraised These now constitute the middle or lesser Himalayas 
The last upheaval commenced after the Tertiary and continued into the sub-Recent 
through the Pleistocene The movements involved the uppermost Stwalik freshwater 
sediments 

It is now gcncrall) believed that the uplift of the Himalayan system of mountain 
ranges is due to movements of two solid continental masses on two sides of the Tcthys, 
directed towards one another The Central Asian continental mass, Angaraland, slowly 
moved from the north to the south under pressure from the floor of the Arctic Ocean, 
and the northern edge of the Indian continental mass, Gondwanaland, became down- 
warped by the northw ard compressw c force from the Indian Ocean The Himalayan 
portion of the Tethys graduall) shifted southward and became narrower, assuming 
its present trend, in earl) Eocene time The presence of tongue-like projections of 
Gondwanaland, one m the Kashmir-Hazara region — the Punjab wedge, and the other 
m the north-eastern extremity of Assam — the Assam wedge, have moulded the pattern 
of the Himalayan chain The effects of these two wedges can be clearly seen m any relief 
map of India It will be seen that the Himalayan chain occur as a huge arc between 
TJangaTarbat in the west and Namcha Barwa in the cast The convexity of the arc points 
south towards the Indian peninsula. Though geographical!) die Himalayas are considered 
to be limited between these two points, the Nanga Parbat and the Namcha Barwa, the 
rock formations seem to be suddenly folded round at these points and to turn south- 
ward in rather parallel ranges 

Structure of the Himalayas The Himalayas can be divided structurally into four 
well-marked longitudinal zones The southernmost zone bordering the Indo-Gangctic 
plains is a belt of foothills, the Swvalik hills, 8-48 km wide and about 915 m. high. 
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The Smahh lulls arc mainly nver deposits of middle Miocene to lower Pleistocene 
age, folded into arches (anticlines) and troughs (syndmes). Many of the anticlines have 
been broken by faults — dislocations due to slipping of die rocks along a plane of fracture 
(fault plane). The fault planes steeply sloping into the hills have gn en nsc to steep scarps 
facing the plams. 

Immediately adjacent to and on the north of die Sisvahk hills, lies the sub-Himalayan 
zone or lesser Himalayas, 65 to 80 km vide and of an average altitude of about 
3000 m. The rocks here arc mostly unfossiliferous. 

Two great thrusts have been traced in the Kashmir Himalayas. The southern of 
these is known as the Murree thrust by which rocks ranging in age from Carboniferous 
to Eocene hive been pushed forward to ride over the mid-Tertiary rocks The northern 
thrust known as the Panjal thrust is more significant. It has dmen the pre-Cambmn 
schists and slates of die central Hinuh)as to over be the Carboniferous-Eocene rocls 
(Fig 70), In the Simla Himalayas, at least t\\o nappes of pre-Cambnan and Palaeozoic 
rocks are found to overlie the Tertiary rocks of the outer Himalayas. Small remnants of 
once extensive thrust mass (nappe) of metamorphosed older rocks that have survived 
erosion form the upper part of die ridge on which Simla a situated. 

Further north is the central Himalayan zone (Great Himalayas) of high ranges with 
snow clad peaks. It consists mainly of metamorphosed sedimentary rocks intruded by 
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granites, etc The folds here are more densely packed, giving rise to overfolds, reversed 
.folds and intensive thrusting 

The northernmost zone is the trans-Himalayan, where full sequence of the fossih- 
ferous Himalayan rocks from the Cambnan to the Eocene are found Except in Kashnur 
m India and Hazara in West Pakistan, this zone lies in Tibet and is, therefore, referred to 
as Tibetan zone 

All these thrust faultmgs took place during the mam Himalayan upheaval in Miocene 
times In later Tertiary and Pleistocene tunes, further thrust movements of much less 
intensity took place affecting the outer Himalayas, when early and middle Tertnr) rocks 
were pushed over the later Tertiary and Pleistocene rocks 

The young Himalayas and old rivers. Though the Himalayan mountain 
chain is young, many of its rivers, the Indus, the Sutlej, the Bhagirathi, the Alakananda 
with other tributaries of the Ganges system, and the Brahmaputra, arc older than it 
These riven during the process of mountain formation by the folding and uplift of the 
bed-rocks, kept very much to their old channels so that the erosion of the valley kept 
pace with the elevation of the mountain The nvers have, therefore, developed deep 
transverse gorges that are a characteristic feature of the Himalayas 

“It is believed”, writes Sir Cyril Fox, ‘ that the anaent Tsanpo or upper Brahmaputra 
was diverted mto India through the Assam Himalaya by an active young nver, wluch 
flowed mto the Bay of Bengal, cutting back its head waters and so capturing the drainage 
of the Tsanpo” Heron believes that in some distant future the nver Arun may capture 
the upper waters of the Tsanpo and so deprive the Brahmaputra of some of its drainage 
There are other examples of such nv cr capture in the Himalayan region 

It is thought that the Himalayas have not yet attained their maximum elevation 
They are still nsmg The frequent changes of nver courses arc mainly due to die uplift 
of their watersheds The frequency of earthquakes in the Himalayas and m the plains in 
their neighbourhood indicates that the mountains are still under tension and have not yet 
settled down to their equilibrium plane 

Himala yan Rivers 

Reference has been made earlier to the great late Tertiary n\er, known as the 
Siwalik or Indobrahm. It occupied the pronounced sag or trough, which was produced 
m the frontal part of the Himalayas by the compression which folded and uplifted the 
Himalayan sediments m Eocene and subsequent times This extinct nver emanating from 
Assam flowed in a north-westerly direction upto the Potwar in West Pakistan, where 
it joined the present Indus which flowed south-west mto the Sind gulf, wluch extended 
much further inland It is supposed that two separate nvers or two branches of the same 
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nvcr cumng back from the Da) of Bengal, across the region between what arc now the 
Rajmahal hills in Bihar and the Garo hills m Assam, deflected ?hc wester!) flowing 
Jndobrahm southwards and produced die modem Ganges and the Brahmaputra 
rivers 

There seems to be sufficient evidence to show that the Siwahk mcr had flowed 
along the foot of the Punjab Himalayas where "it was reduced by the piecemeal capture 
of the portion I) mg between the Jumna and thcjhclum by its own tributaries thejhelum, 
the Cherub, the Rasa, die Beas, the Sutlej and the Gluggar Each of these tributaries 
now occupies a wide valley well below the level of the phut The capture took place 
in post -Snvahh times and is probibly quite recent” It « believed that the capture was 
due to depressions in die valley floor caused by cardt nioumentj from the north-west 
Along these depressions, the tributaries named above cut their way back and captured 
various parts of the parent mcr, and eventually the Ghaggar became the final channel 
of die parent river Today the puny Soon of the Pot war plateau (Rawalpindi) m West 
Pakistan ts the only relic of the old Siwaltk mcr 

There cannot be any doubt that the present Yamuna nvcr, from near harm!, north 
of Delhi and the present Gluggar, from near Nahan cast of Ambala, flow cd wesm ml 
They joined near Suntgarh m Bikaner and continued to flow as ihe I Iakra through 
Bahawalpurtojom the Indus Tlicdty bed ofthcHahra or lower Ghaggar ts still rccogmz- 
ablc Tlic Sutlej seems to hive flowed along the Ghiggar channel more than once m 
lustoric tunes Sir Aurcl Stem recorded pre-histone settlements near Port Ablns where 
an old dry nvcr bed indicates the channel by which the Sutlej entered the Hakra Tltc 
Sutlej flowed through the present dry and abandoned course of the Hakra, independent 
of the Indus and found outlets into the Rann of K inch The Beas had also an independent 
course between its present course and that of die Ravi meeting the Chenab between 
Multan and Uch 

Tile Sarasvati originated in the Siwahk hills of tlic Ambala district, where tit 1 * 
alluvial fans of the Yamuna and tlic Sutlej meet There arc old tributaries of the Sarasvau 
which come from near the place where the Sutlej emerges into the plains It is, therefore, 
probable that it denied m waters largely from the Sutlej and also from the Yjmuna 
through the Chutang and became “the chief and purest of the nv ers flowing from the 
mountains to the sea”, according to Vcdic tradition 

After the Ganges captured the head-waters of the eastern branch of the lower 
Yamuna and the old Beas captured the Sutlej the Sarasvati u as reduced to a small stream 
losing itself tn the desert of Bahawalpur and Sind, where the greater part of its channel 
became the dry Ghaggar or Hakra This liappenmg within historical times is rcspomitle for 
the Hindu legend that tt 13 the Sarasvau w Inch joins the Ganges at Prayag near Allahabad 



234 


EVOLUTION OF LIFE 


The name, Sarasvati, is still given to the upper part of the Ghaggar, rising in Sirmur in 
the Garhwal Himalayas 

An organic connection between the Indus and the Ganges is inferred by the presence 
of the same species of dolphin, Platamsta gangettca, in both the rivers This cetacean is 
found only m the Ganges, the Brahmaputra and the Indus It never enters the sea The 
Cheloma living in the Indus and Ganges are identical, while those of the Mahanadi, etc 
belong to different subspecies or local races 

INDO-GANGETIC PLAINS 

The Indo-Gangetic plains which lie at the foot of the Himalajas from Hazara to 
Assam, mark the side of a deep basin of estimated depth of 1050 to 6000 in which 
resulted from the compression exerted on the peninsular margin against the advancmg 
crustal waves from the north The basin has been filled up with river alluvium derived 
from the nsing Himalayas as well as from the plateau on the south 

Albcrum (Abu Raihan Muhammed bin Ahmed), a scholar with keen perception 
came to northern India in early 11th century, and made a remarkable observation on the 
structure and formation of the Indo-Gangetic alluvium ‘ If you have seen the soil of 
India with your own eyes and meditate on its nature”, -wrote Alberum— “If)ou consider 
the rounded stones found m the earth, however deeply you dig, stones that are huge near 
the mountains and where the rivers have a violent current, stones that are of smaller size 
at greater distance from the mountains, and where the streams flow more slowly, stones 
that appear pulverized in the shape of sand where the streams begin to stagnate near their 
mouths and near the sea, if you consider all this, you could scarcely help thinking that India 
has once been a sea which by degrees has been filled up b) the alluvium of the streams”. 

As the spurs of the Himalayan ranges rise from the plains as land rises from the sea 
and also because of the occurrence of Subathu beds (Ohgocenc i) about 64 km 
E S E of Hardwar, many people think that the Gangctic plain is an anaent sen-bed 
filled up by alluvial deposits As earl) as 1894, W T Blanford of the Geological Survey 
of India doubted the correctness of this supposition as no marine Ternary bed has been 
found on the margins of the plains east of Delhi Recent drillings for oil b) the Oil and 
Natural Gas Commission in Uttar Pradesh and Bihar have not encountered any marine 
rocks younger than the Mesozoic The only marine features of the Gangeuc alluvium 
are a lew bnne sprrngs and a deposit of gypsum in the form of selenite found in the 
Hamirpur district of Uttar Pradesh ‘ The former are”, according to Pascoe, “not 
numerous and cannot be accepted as proof of marine deposition as far as the alluvium 
itself is concerned.” The selenite crystals are entirely confined to the older KatiLar- 
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bearing alluvium and arc thought to indicate the sites of submerged springs Sparse!) 
scattered pieces of selenite occurring in die carbonaceous materials below the surface of 
old alluvium m Dholpur of Rajasthan arc associated with freshwater molluscs 

The large rounded stones mentioned b) Albcrunt as occurring near the mountains 
where the nvers have a violent current refer to the disintegrated products of conglo- 
merates and sandstones which form the Siwahk lulls These arc brought down b) streams 
from the steep outskirts of the Himalayas and deposited along the northern margin 
of the plains The deposits have formed a broad forcst-beanng zone known as the Bfufar 
in Uttar Pradesh 

It, therefore, seems certain that the sea never reached the upper tract of the Indo- 
Gangenc plams later than Oligoecnc, but it covered portions oflowcr Sind on the one 
side and Bengal on the other as proved b) recent drillings for oil From recent changes 
m the delta of the Ganges and from historical data, it is believed that practical!) the entire 
Ganges valley, cast of Delhi, was swamp) and mostly unsuitable for habitation, 5000 
years ago 

Differential movement in Indo-Gangctic alluvium The great depth of the 
Ganges alluvium, as recorded b) bonngs, indicates subsidcnccof the Gan gene plain 
simultaneously with deposition Except near the delta, the greater part of the Gangctic 
plain is above the level of the highest flood of the Ganges and its tributaries, 
indicating either the area has been uplifted or the delta region has subsided within 
relam cl) recent times In East Pakistan, the raised tract, known as the Madhupurjttngle, 
north of Dacca in the midst of the deltaic region, and low marsh) plains of S)!het and 
Mymcnsmght which during the rams become almost a freshwater lake, indicate differen- 
tial movements Ancient alluvial areas enclosed within rock basins along the courses of 
the Narmada, Taptj, and Pumca nvers arc also uplifted, and it is evident that a certain 
amount of irregular warping has affected India m Pleistocene times As a result, the old 
alluvium and the one still in process of formation can be readily made out The) arc 
common!) known in north India as “Wj/yw" and “LfiLr” ropeemek The 
older alluvium is but a continuation of the Snvalik sequence and has yielded fossil teeth 
and bones of hung animals, such as the ox, hone, camel and dog as well as Palaeolithic 
flints and tools at ccrtuti sites In some places, such as the Khanan hills, south-east of the 
Jhelum, upper Siwahk deposits are succeeded m a natural order of super pos-non b> 
older and newer alluvium Usual!) the UtjJar a confined to the neighbourhood of 
nvee channels except m the delutc plains, and thebtSn^ar to relative!) higher grounds 
The dominant silt throughout the IndoGangetic alluvium a a sort of undi clay. A 
kind of concretionary carbonate ofhmc, usually in th-- form of nodules, oiled Ij'ilxr, 
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occurs particularly in the older alluvium. Sometimes massive forms of calcareous beds 
are also found and at times the calcareous materials fill cracks in the alluvial deposits 
or m older rocks. The kankar nodules, the calcareous beds, etc. are formed either from 
the decomposition of the debris of older rocks or from fragments of limy materials 
contained in the alluvium. 

The older alluvium is mostly made up of massive clay, pale reddish brown in colour, 
which on exposure, very often, turns yellow. In Bengal and Bihar, pisolitic concretions 
of hydrated ferric oxide, from the size of a mustard seed to that of a pea, are disseminated 
throughout the clay. 

The newer alluvium is composed of coarse gravels near the lulls, especially along the 
base of the Himalayas, sandy clay and sand near river channels, and fine silt consolidating 
into clay zn the flat river plains and the deltas. Beds of impure peat arc common in the 
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delta of iJjc Ganges; freshwater shells are more common m the newer than m the older 
alluvium, die species being identical with those now living in the rivers and marshes 

The greater part of the Assam valley consists of k/iadar, liable to flooding. 

In West Pakistan, the Ponvar Basin is regarded by D. N. Wadia as die north-westerly 
ramification of die Gangecic trough, the succession of rocks m the folded basin, encom- 
passing 7500 m. of sediments m one conformable sequence, and epitomizes the 
Tertiary geology of northern India and West Pakistan. 

The Indo-Gangctic alluvium has provided India with her most fcrnlc soil which 
supports a large part of her population. It is also a vast reservoir of ground w atcr, and \\ ells 
and tube-wells can be sunk with ease. The extent of the alluvial belt is shown in Fig. 71. 

OTHER. FEATURES OF INDIA 
The Thar and Indus Deserts 

The tract situated between die Indus and die Aravalh lulls is known as die Thar 
or Great Indian Desert, a land of sand-ht!Is of the north African scf type. The sand-hills 
occur as long narrow ndges ui the prevailing nordi-wcstcrly direction of wmd and 
may be as much as 60 m. m height and 3 km m length. The barchan, or transicnc, 
crcsccnnc t)pc prevails to the north and cast, and dicrc arc extcnsisc areas of gently 
undulating land of "whale-backs of sand" and waves of sand which appear to be fixed 
and bear a dim covering of rail mtmj grass and small shrubs. The enclosed area ofjaisalmcr. 
Banner and Pokaran is rocky and has fewer sand-lulls. The greatest accumulation of 
blown sand is seen on a stnp m the north of the Rann of Kutdi. The sand derived 
from the disintegration oflocal rocksand also from the Rann of Kutdi is drnen by the 
sou tli- westerly gales which blow across the desert for several mondts of die sear. 
Unimpeded in ns advance by die streams, the sand has encroached upon 
die land until no district is entirely free from it, excepting those lying immediately at 
die foot of die Aravalh range, where several water courses arc able to sweep back the 
sand blown into them. 

Trom the investigations earned out by La Touche, which have provided the aboac 
data, it is found that the local rocks have furnished 90 per cent or more of the sand of 
western Rajasthan. The accumulation of sand is due mainly to die low rainfall and to die 
consequent absence of streams, aided bv the salt-laden wands and saline surface conditions 
which prevent die growth of much vegetauon. 

The part of die country lying west of the Aravalh up to Cambay and Karachi rccciv cs 
\cry little ram as there are no mountains m dm region. The monsoon climate probably 
became established during the Miocene when the Himalayas rose high enough to obstruct 
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the southerly winds causing precipitation of moisture on its southern flanks It is known 
that the Cambay-Ahmcdabad-Thar region was occupied by the sea during the Tertiary 
and Pleistocene tunes This sea in the Pleistocene times might have extended to some 
distance north of the Rann of Kutch mto the valleys of the Indus, Sarasvati, Hakra and 
Lum Further, the lowering of temperature during glaciation and the presence of the 
great basm of the Siwalih river also contributed to the humid climatic condiUons of 
Rajasthan until sub-Rcccnt times But, with the disappearance of the Stwalik river and 
withdrawal of the sea from the Thar-Ahmedabad region, desert conditions must have set 
m well after the advent of man 

The sand-hill phenomenon of the Thar desert is repeated on a smaller scale in the 
Sind-Sagar Doab (Do-ab meaning two rivers) between the Indus and the Jhelum and m 
the Ban Doab between the Ravi and the Sutlej, but is absent m the Rachna Doab between 
the Chenab and the Ravi Crescent-shaped sand dunes are seen m the sandy desert of 
western Baluchistan where the dunes are slowly advancing over the plains The low hill 
ranges between Amir Cliah and Sarndak are now buned under sand 

Salts in Lakes and in Sub-surface Indo-Gangctic Water 

The sub-surface water in many places of the Indo-Gangeuc alluvium and practically 
the whole of the desert region from the coast of Kutch and Sind northward and north- 
eastward to the borders of Delhi and Bahawalpur is charged with salts In dry weather, the 
salts appear as efflorescences at the surface and render the soil unfit for cultivation and the 
water m shallow wells unpalatable Such efflorescences, known as reh or Lallar consist 
generally of sulphates, carbonates and chlorides of alkalies The alkali impregnated land, 
unsuitable for cultivation, is called usar land. In Rajasthan, on the borders of the Bikaner 
desert, shallow basins of internal drainage such as at Sambhar and Didwana arc filled by the 
annual monsoon ram and dry up to yield the common domestic chloride salt In some 
places, as at Pachpadra, subsoil bnne is raised for salt making To this category belong 
the numerous salt-pools known as dhands m Sind and Khairpur in West Pakistan, which 
are used for their carbonate contents 

Various explanations have been offered regardmg the origin of the subsoil salinity 
and of the salt lakes and pools of Rajasthan and Sind. The water in die rocks of western 
Rajasdian is generally so much mineralized that its suitability for irrigation and other 
useful purposes is limited Some of the lakes are probably remnants of lagoons left behind 
by the receding Arabian Sea of the late Ternary Period. But in the absence of calaum 
and magnesium salts in most of the Rajasthan salt lakes, it is difficult to attribute sea water 
as their source Moreover, lakes like the Sambhar, Didwana, etc he within the imper- 
vious area of the Aravalh schists and at comparative!) higher levels to be affected by 
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tlic salt that ma> be brought by underground percolation from the Salt Range of West 
Pakistan into parts of Rajasthan In this area of Rajasthan, there arc also no evidences of 
salt deposits or an) signs of manne sediments It has been suggested b) Sir Thomas 
Holland and W A K Christie that the supply of salt to the Sambhar lake is derived from 
monsoon winds blowing from the Rann of Kutch and carrying the salt either as particles 
of dust or sprays of sea water deposited over the desert sands from which u is washed 
out b) rain and transported to the lakes where it is deposited b> evaporation of the 
water To the question, whether such large quantities of salt, more than 150000 tonnes, 
could be annually transported by die wind from the Rann of Kutch to Sambhar, S L 
Horn has remarked that “if the weather was C) clonic at times, there w ould be no diffi- 
cult), fot he knew that rams of fishes arc caused by cyclones” 

Another salt lake, yielding sodium salts, is the Lonar m Maharashtra It forms a deep 
crater-like depression, and is thought to be of “explosion enter' origin, situated as it is 
within the Deccan trap area, others consider it to be due to subsidence, probably 
caused by the impact of a giant meteorite which has since been eroded aw a) 

Lakes which have an outlet, contain fresh water, unless the) has c direct connections 
with the sea, so that sea water can enter them The Chilka lake in Onssa is an example of 
this kind There arc onl) a few natural freshwater lakes in India and these arc found 
m the HitmU) an region, and base been formed in various way s, such as the damming 
of a -valley b) a glacier which lias descended down another valley Such lakes arc 
usually small and arc commonly associated with the present day Himalayan glaciers as 
the Chombu glacier in Sikkim 

The filling with water of depressions previously caned out by glaciers has given 
rise to the senes of lakes in the long and narrow valley of Pangong m Kashmir 

The Kumaon lakes, except Kliurpa Tal and other small lakes near Nairn Tal, have 
been formed by landslips across the valleys. The ongrn of Naim Tal and Bhim Tal is not 
clear Since Naim Tal Jus its outlet over solid limestone, it may have been produced by 
the collapse of the surface caused 6y the removaf of limestone 6y the solvent action of 
underground water Many of the little lakes in the limestone tracts of the Khan and 
Jainua hills of Assam and on die Shan Plateau of Burma, have a similar ongtn This 
phenomenon alio occurs where the underlying rock is of rock salt, as at Pjdh near 
Dandot in the Salt Range of West Pakistan The Wular lake, the Dal, the Anchar 
lake the Manasbal lake and several large swamps in the Kashmir valley are produced by 
landslips or moraine materials damming valleys 

The sacred lake of Manasarowar and the adjoining Rakas Tal he respectively 
•1530 m and 4515 m above sea level, north of the Nepal Himalayas, According to 
Hindu mythology these lakes arc the traditional sources of the Indus, Brahmaputra 
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Ganges and the Sutlej and arc m fact connected with channels that arise in then: immediate 
neighbourhood It is not improbable that these lakes are portions of glacial valleys 
across which moraines form natural embankments 

The Karewas of Kashmir 

Among the deposits of the Ice Age arc the Karewas which occupy nearly half 
of the Kashmir valley, and he at an altitude of about 1700-3300 m The Karevas are 
partly lacustrine and partly fluvianlc in origin, deposited in an elliptical synclinal basin 
between the Great Himalayas on the north-east and the Pir Panjal on the south-west. 
The deposits consist partly of low-lying alluvial materials, not muchraised above the level 
of the Jhelum nver which drams the Kashmir \alle}, but mamlj of older deposits which 
form the elevated plateaus or terraces on the left bank of the Jhelum The separation of 
the older part from the recent alluvium has taken place by uplift and tilting, probably 
contemporary with the final folding and thrusting of the adjoining ranges. The rota] 
thickness of the Karewas is about 1430 m divided into lower and upper Karewas, 
separated by coarse deposits of second glaaation The lower Karewas arc composed of 
dark and grey shales and contain two horizons of lignite They axe referred to early to 
mid-Pleistoccne The upper Karewas are made up of alternating beds of tlunly laminated 
yellow marls, silts and sands Palaeohths have been found associated with these 
deposits 

Nepal Valley 

The valley of Nepal is comparable with the alluvial basin of Kashmir in being a 
longitudinal valley lying along the general strike of the strata It is a group of 
confluent valleys with high dividing spurs An extensive upland region, called Tanr, 
corresponds to the Karewas of Kashmir and to the bhangar of the Gangetic plain 
Beds of peat occur at various levels in the valley and are used for bnck and lime 
burning A clay, coloured blue by the free dissemination of blue specks of mineral 
viviamte, phosphate of iron, is widely employed for top-dressing the fields 

Oscillating Shorelines of India 

Since the late Tertiary, the coasts of India ha\c oscillated between shallow marine 
and low-lying marshy or estuarine conditions 

As a general rule, creeks, inlets and promontories are rather rare and those of any 
magnitude to he seen in the east and west coasts are the results of minor emergence and 
subsidence during the Quaternary Period. 

The Chilha lake in Onssa, the Puhcat in Andhra Pradesh, the lagoons of Kerala and 
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v. cstcm Mysore, ow c their origin to sand spits or bars, and in the course of rime they will 
be filled up in the same manner as is happening today to the lagoons near Mcrcanum to 
the north of Pondicherry, or to the KollcruIaLc, formed by the union of the deltas of the 
Knduia and Godavari riven. The greater part of the cast coast has beat formed m this 
way and later elevated. The deltas of the Cauvery and Penner nvers arc complete, as no 
new land is being formed in the sea opposite their mouths, whereas those of the Ganges 
and Brahmaputra arc extending outwards, so dm land is bang continual!) added to the 
shore where these two great nvers enter the Bay of Bengal. 

At the southern end of the Peninsula, a calcareous gntiy marine sandstone of sub* 
Recent age fringes the coast from Cape Comonn to the Pamban channel. This sandstone 
forms the islets m die Gulf of Mannar on which coral reefs arc now growing. The island 
of Ram«waram is butlt up of a coarse and current-bedded calcareous sandstone contauung 
broken shells and corals of the Recent age. Its northern shore displays an upraised coral 
reef, about 1-3 m. in tluckncss and die southern shore is undergoing a steady 
submergence. Judging from the thickness of coarse sandstones exposed at Ttruchchcndur 
and other places, it appears due the eastern part of the southern tip of the Peninsula lus 
been raised at least 9-12 m. during post-Plemoccnc time. Near Dlianuslikodi, the beach 
has advanced nearly a mile north-westward, with the result a number of bmlduigs have 
gone under the sea during the last 50 years. Amongst die evidences of recent subsidence, 
mention may be made of die submerged forest in the Vahmuham Bay, Tirunclveh 
darner, while the occurrence of peat about 5 m. below ground near Point Caluncre, 
on theTanjorc coast may be due to the same general cause. 

In the coastal regions of soutlvwrest Madras, Kerala and M)Sore, the Pleistocene 
mo\ ements have brought the Warhalh (Miocene) rocks and similar formations to die 
surface, but diey arc also responsible for die subsidence near Cape Comonn and other 
places. Further proofs of movements in comparatively recent times along the coast are to 
be found not only in the terraced character of the coast itself, but also ut the presence of 
buried upright minks of trees in Kerala at Ckziunur and ThaKs/ulk, where they are 
recovered for use as fuel. Cliacho lus recorded recent coral reefs under die allm mm near 
Changancheri in Kerala. 

A general emergence scents to have extended to die south of Goa through Malabar, 
diough dierc may have been local complications, for example, at Mdpe near Udipi 
and at Bhathal further north where emergence followed submergence as indeed was die 
case in Goa itself. The uplift of the soutli-w'cst coast probably took place not much 
before the beginning of the Christian Era. 

The Konhan coast with its cliffs and inlets is a recent faulted scarp and its shore linn 
arc due to marine denudation with local variations of subsidence and uplift; dius on 
16 
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Bombay Island, a littoral concrete platform occurs on the west and there are submerged 
forests on the east Further south, on the Kerala coast, only active marine erosion is 
visible along the cliffs at Varkala, and Telhcherry m Malabar 

Further to the north again, around the Gulf of Cambay, the presence of littoral 
concrete on clay-bearing mangro\ e roots ttt situ seems to indicate both emergence and 
subsidence. 

During the Pleistocene, the Cambay- Ahmedabad-Thar region w as under the sea, 
indeed, a salt lake termed *NaT m the heart of the alluvium-covered plain of north- 
west Gujarat, is a remnant of this former sea with its manne deposits 

The changes in the relative levels of land and sea along India’s coast line, briefly 
outlined here, proceeded so slowly as to be hardly perceptible during the average span of 
human life but there have been occasions m the past, and doubtless will be in the future, 
when this normal rhythm of events is suddenly interrupted by violent earthquakes 
On June 18, 1819, for example, an earthquake caused a depression more than of 
320 sq km, on the western border of Rann of Kutch, which was quickly invaded bj 
the sea At the same tune there was an uplift of a bamer, 80 km or so m length, the 
difference of level between the depth of the depression and the height of this bamer 
being about 6 m 

The Rann of Kutch 

The Rann of Kutch is an anaent inlet of the sea which for the most part has dned 
up due to silting up aided by slight tilting of the land It is an extensive marshy salt plain 
scarcely rising above the sea level Its surface, covered with such a saline efflorescence, 
ne\er cracks even in the hottest weather During the monsoon, the Rann is liable to 
flooding not only by the ram but also by flood water from the streams, the Lum and the 
Sarasvati The parts of the tract that were depressed by the earthquake of 1819 arc still 
under water There can be little doubt that the Rann was a gulf of the sea within recent 
times It had sea ports on its shores, for anchors and remains of sea going ships are 
reported to have been found embedded in the mud Bonngs in the Little Rann indicate 
estuarme conditions succeeded by marine in recent times In the neighbourhood of the 
Nal, a large shallow lake of brackish water, centhid shells have been found indicating 
estuanne conditions that prevailed until recently and confirming that the Rann of Kutch 
is an old marine inlet silted up in recent times 

Teris 

Dunes of wond-dnfted sand occur m some parts of the coastal plains of Ornsa, 
in Ramanathapuram and Tirunelveh in Madras, near Surat, Broach, and 
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parts of Kathiawar and the Kutcii coasts in Gujarat. At a few localities in South 
India, pro-historic artifacts have been found in the dunes. Logan recorded quartz 
flakes of Neolithic age in a teri (red sand dune), a few miles nortli of the Tambrapanu 
river in Tirunelvdi. Recently, Neolithic artifacts consisting of microliths fashioned out 
of chert and two or three polished cleavers made out of quartz and granitic materials 
have been found embedded in a red sand dune to the north of Oriyurin Ramanathapuram 
district. This particular dune is of a Recent age. Tens also occur on the south-west coast 
of India from south of Trivandrum to Cape Comorin. Angular fragments of 
clumockites and gametiferous gneisses as well as numerous small chips of quartz, 
suggestive of Neolithic artifacts, have been found in them. 

Mud Banks 

A peculiar feature of the shallow sea immediately off the south-west coast of South 
India is the occurrence of smooth water tracts known as mud banks. This is of Recent or 
sub-Rcccnt origin, best seen near Allcppcy, Cochin and Calicut. These mud banks have 
the unusual property of proriding remarkable quietness to die waters above them, even 
during the roughest monsoon weather, so that ships can safely ride on them and 
at times can take in water alongside. The mud itself is dark green in colour, very fine- 
grained, with an oily feel. It also contains quantities of recent foraminifers, as well as 
diatoms. Aldiough much has been written on die mud banks, no conclusive explanation 
of dicir behaviour has yet bear fordteoming. 

According to Coggin Brown, die mud is derived from die clayey materials of latcntc, 
resulting from the alteration of gneisses and brought down by die present and past rivers. 
The presence of artesian fresh water in a bore hole at Cochin being indicative of natural 
outlets of water-bearing sands in die sea bed, Coggin Brown suggested that die seasonal 
increases in die hydrostatic head of such water sands, or unusually severe erosion of their 
outcrops by wave action at sea, might have a direct bearing on the fornution, growth and 
movement of muu ftanih. This wiiY atso account ibr tfte Augc or cnnrr’ of water 

and mud seen in die Allcppcy mud banks. 

On balance, the}' move southward due to the suspension of the soft mud by wave 
action or ground swell, and die carrying or rolling of die material by die prevalent cur- 
rents, which arc from north to south, thus leading to die eventual deposition of the 
material on the lee side of the banks. 

Lateritc 

Latentc, a peculiar reddish or molded, vesicular clayey ferruginous rock, puohtie 
or massive, is formed as a superficial alternation of rocks in regions subjected to ahenut- 
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ing wet and dry seasons The effect of latentic weathering is to rcmo\c the silica of 
rocks, leaving a concretionary mixture of hydrated oxides of iron and aluminium, with 
smaller percentages of other oxides When die latente is almost free from silica and 
contains abundance of the hydrates, cither of iron, aluminium or manganese, it consti- 
tutes valuable ores of these metals 

Latente is of wide distribution in India, from Assam to Cape Comonn, and it occurs 
dormnandy as cappings on plateau highlands, but is not confined to such reliefs alone and 
caps the eastern and western coastal plains as well It is largely of Pleistocene age, but it 
may also be forming now, while some was formed in Eocene or e\en earlier 

Pleistocene and Recent Volcamsm 

There are two regions of Pleistocene and Recent volcanic activity situated along the 
mountain arcs which meet the Himalayan range at its eastern and western extremities 
The eastern region is situated on the Malayan arc with the best known extinct volcanoes, 
Pupa m Burma and “Smoking” Barren Island in the Indian Ocean In 1795, 
Barren Island was throwing out showers of red hot stones and enormous volumes 
of smoke In 1803, it was exploding every ten minutes, ejecting each tune a 
column of smoke Along the western or Iranian arc is the extinct Koh-i-Sultan in 
Baluchistan It is m a solfatanc stage giving out sulphuretted hydrogen and other 
sulphurous gases 

India and Pakistan, though not now troubled by volcanic activity, have certain areas, 
particularly those bordering die junction between the Indo-Gangetic plains and the extra- 
peninsular mountains, that have been the scenes of earthquakes with disastrous effects 
This is a zone of great tectonic strain, having long parallel fractures indicating the position 
of the mountain at each recurring uplift 
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THE QUATERNARY PERIOD —111 
Plant Lira 


CovsrooiABLE factual information about plant life during die Quaternary has been 
obtained in Europe, North America and Japan, and some from Africa and South America. 
Much of dm information reveals that the Quaternary vegetation was not much different 
from die present in these regions, but for some of the early Quaternary genera which 
are nov/ extinct. The successive shifts in die plant populations in response to climatic 
changes gradually resulted in die present pattern of plant life. 

Europe and America 

At die commencement of the Ice Age, some Ternary elements continued to exist 
during die early part of the Quaternary’ m Europe, which gradually disappeared dunng 
the mid-Plcistoccnc. Statistically it has been observed that a considerable decline, from 
24 to 1G per cent, of such elements took place from the Pliocene to early Pleistocene, the 
important lingering genera being Pttr/xarya, Carey a, Engclhardtia, etc. 

The present climatic zones of Europe are: the outer, comprising north of the Alps, 
Carpathians and Pyrenees; the inner, comprising south-east of these mountauis including 
Bulgaria and Rumania; and the southern, the Mediterranean region, which had already 
been established during the Miocene. At the beginning of the Niocene, the North Ameri- 
can element declined considerably and there was a large rise m the east Astatic element. The 
europeamzanon of the flora in the outer zone took place during the Pleistocene. Hie 
major change was the replacement of evergreen element by the temperate deciduous 
forest types. The cast Asiatic element completely vanished from die outer zone during die 
catastrophic climatic cl umges in the Glaaal Epoch. During the warmer interglacial*, 
die southern or south-eastern or some old North American elements surviving in 
die somhem zone, invaded the outer zone, but were again pushed back during die next 
glaciation. Thus, it was mostly the nordi-south or sice versa movement of the flora in 
Europe during die Quaternary. More or less similar flonsdc movements occurred in 
North America. 

Despite die extensive ice sheets, refugia or nurutaks existed where die plants survived 
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during periods of severest cold, to invade areas freed from ice, with the impror cment of 
climate During an interglacial, a definite climatic cycle produced important shifts in 
plant populations, the sub-arctic flora comprising dwarf willows, arctic birch and Dry as 
cctopetah gave place to forests of temperate birches, pme and aspen which were later 
invaded by broad-leaved deciduous oak forests including alder, oak, elm and hazel Oak 
forests were then replaced by hornbeam, spruce and pme, and later by pme, birch, aspen, 
and spruce, until the sub-arctic vegetation, comprising arctic birch etc again returned. 
During successive climatic and vegctational changes in the various glacial and inter- 
glacial phases, some species became extinct from Britain, such as Corona intermedia, Picca 
abtes, Trapa uatans, Najas tumor, Salt\ polarts, AzoUa jiheuhides etc although a few 
reappeared later In other European interglacials, some North American plants such as 
Tsuga, Thuja, Brasctua purpurea, Dtihclnum spathaccum and Taxodiunt still persisted. During 
the interglaaals the composition of the mixed oak woods was also sometimes different, 
as during the Eamian in England it was dominated by hornbeam The vine, Kids sylvestus, 
and Rhododendron poitticnm which no longer grow in the Inn valley grew there in the 
Mindel/Riss interglacial During the Ice Age, the conifers migrated far south through 
North America Picea glauca and P manana, which today grow further north and around 
Lake Huron, flourished in Texas during the last glaciation, and both Picca and Abies 
grew m Flonda 

The Holocene, after thelast glaciation, commcnccdwith the sub-arctic flora represent- 
ing the open tundra-like vegetation comprising Sah\ herbacea, Dr) as oetopetala, Bettila 
tiana, etc This late glacial phase was followed by birch [Betula pubescens) forest and later 
by pine or by birch-pine forest This subsequently was replaced by pme and mixed oak 
woods approaching beech forest or beech-oak-hombeam or alder-oak-elm-birch-beech 
zone The late glacial phase m North America has now been observed and the post- 
glacial succession there is from spruce-fir, pine, oak-hemlock and oak-hickory to oak- 
chestnut-spruce 

The vegetation came under the influence of man during the post-glacial climatic 
optimum when ihe Ntchdnt mm commented agntruVrarc Ahhuugh much of the 
migrations of weeds took place during glaaal and sub-arctic phases, some of them were 
diffused by the migrating Neolithic folk through the practice of agriculture Several of 
the weeds today associated with agriculture may be attributed to them Of these, Plantago 
lanceolata, 'white man’s foot print as it is called, is belies ed to have been introduced 
by man in America Late his ton cal introductions by man have been many' 

Tndia 

There is little, if any, factual information on Quaternary plant life in India. The 
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Pleistocene and post-glacial deposits in Kashmir have yielded some information showing 
that the Quaternary plant life in die valley was much like the present in the western 
Himalayas. The uplift of the Fir Panjal cut off the valley from its southern part depriving 
it of die benefit of the monsoon. This climatic change in die valley resulted in the decline 
of certain elements, e.g., oaks and alders. They continued to exist unnl exterminated 
recently from there, very' likely by man. Before the Glaaal Epoch and rise of Pir Panjal 
had begun, the cast Himalayan larch and Engelhanhia and even the Nepalese alder, which 
today do not extend beyond Kumaon, grew in the Kashmir valley. They became 
extinct after the second glaciation which was die severest of all. 

In the absence of any other factual data, some aspects of flonstic changes m die 
country' during the Quaternary can be built up from the climatic and geographical rela- 
tionships of modem Indian flora. 

Decline of tropical rain forest. Not much is known of late Tertiary plant life 
in India. The presence of palms and Guttiferac suggests the occurrence of tropicat 
rain forest during the Miocene at Kasauh in the nordi-wcst Honda) as. Fossils 
of Amsoptcra (Diptcrocarpaceac), a genus today restricted to the ram forests in Assam 
and Burma, from the Miocene deposits near Jawalamuklu, further support the 
occurrence of tropical rain forest in north-west Himalayas, During earlier periods. 
Eocene for instance, evergreen forest existed in the present Rajasthan. Evergreen ram 
forest, which ij today confined to the Western Gluts and Assam m India, is dim an 
ancient relic. 

The evergreen rain foresrs m the Western Ghats arid Assam have much m common 
and also wuh the flora of Burma and Malaya. The cumulative effect of the Quaternary 
climatic and cdaphic changes has rcduccddicscforescstodicirprcsentrcstncted distribution 
along Malabar coast and Assam. These forests now exist in the narrow belt of the country 
over SDJLni broad in Western Ghats from Goa to Cape Comorin through Kanara 
and Coorg to highlands of Kerala in thesoudi and parts of Madras State towards the cast. 
In drier pans, teak woods and sandal woods occur in these regions. The higher mountains 
arc populated by species of Temstreemia, Mierctrcpu, Mtthcha, GerJeira, Syzjgium, 
PhotiniJ, RhsxfodatJren, etc. widi shrubs of Oleaceae, Rubuceae, Rutaccac and various 
climbers and lianas. The patches of the forests in the ravines are called the shoku (Pi. 79). 
Since the region is characterized by high humidity and abundant rainfall, it is m fan the 
Pluvial flora which had advanced and retreated during die PJuvul and infcrpluvial 
periods in the peninsular India and in Assam. Successive fluctuations must have occurred 
between the v. ct-evcrgrccn. and the dry-deciduous forests until their present distribution 
was attained. An interesting result of the Quaternary events and changes in climate is 
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the reduction of the shola forest in the Nilgins to the status of a living fossil community 
for which the present environment is so mimical that it has stopped regenerating 
itself Any injury to the shola forest is a permanent injur) from which it never 
recovers 

The alternations in the climatic patterns obtained during die Quaternary pushed 
the tropical humid forests comprising Orchidaceae, Sataminaceae, Zmgiberaceae, 
Xyndaceae, Palmae, Pandanaceae, Pipcraceae, Chloranthtts, Artocarpus and Fiats, Arahaceae, 
Apocynaceae, shrubby Rubiaceae, Rutaceac, Gamma, Annonaceae, nutmegs, Diptero- 
carpaceae, Mehaceae and Myrtaceae to the south and cast Many of these are sensitive 
to cold. Some of the tropical plants indifferent to cold have continued to advance to 
the base of the N W Himalayas and these arc Banhmia , Acacia , Erythema , Butca , Dalbcrgta, 
Milletlia and other Lcgummosac, Salmaha, Vatica, Nauclea, Combretaceae, Vcrbenaccac, 
Lagers troeriu as, Gnsleas, Jasmines and Bignomas 

Invasions by the western element. The movement of the evergreen ram 
forest towards the cast and the south was accompanied by the invasion of Medi- 
terranean clement from the west This largely comprised the speaes distributed in 
Egypt, southern Arabia and the warmer parts of Persia and even some members 
growing in other parts of Africa Man) plants from these regions invaded India 
through Baluchistan, Smd and Punjab In the upland regions of the rising Himala)as, 
Pimts roxburghu, P gerardiana and Cedrus, extending toda) from Afghanistan, and speaes 
of Jitmpcms together with some broad-leaved genera, such as Populus, were perhaps the 
arrivals during the Pliocene and Pleistocene 

There are several genera and families in the Peninsula which arc also found in the 
mountains of west tropical Africa, such as Stephania, Gretna, Hippocratea, Impatient, 
Ztztphus, Anogeissus, Bluwea, Jasmtnum, Torema, Euphorbiaccae, Lcgummosac, Rubiaceae, 
Asclepiadaceae, Acanthaceae, etc Delphinium dasycaulon is found in Abyssinia as well as 
in die mountains of Deccan Pterohobnim tndicum, Trema ambotn'nsis, Antidcsma jhesaembdla 
and Celtis australis are comparable with the speaes of respecave genera in Abyssinia 
Some of these may have arrived in die mid and late Tertiary , but many of them may 
have entered the country during the Quaternary 

Many of the herbs in the desert and and regions which had come from as far as 
Arabian and African deserts include Peganutn liarmala, Fagoma cretica, Balanites atgypUaca, 
Acacia arabica, Alhagi, Grangea, Calotropis, Salvadora persica, Malcolmia, Farsetia, Cleome, 
Balsamodendroti, Astragalus hamosus, Cucumts, Colocynthis, Pluchea, Anhcltans, spinous 
Acanthaceae, Cometes, Forskohlea, Populus euphratica, Ephedra, etc. Some of these 
are now widely distnbuted in north-west of India. 
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Several of die other arrivals spring up in the rainy season such as Ckemr, Gynsn- 
dropsts, Urevt, St da, Mchchsa, Cerchcrus, Tnumfitta, Aeschynomtt c. Sin tha, Indgfcra, 
Dotichos, Cucurbits, Blumea, Vemorua nnerca, E\aeun, Serophulma, Laras, Ocitmnn, 
Hed) churn, Gtonosa, Commclinaecae, grasses and sedges, Capparis, Gretna, Stercuhaceae, 
Tihaccac, columnar Euphorbias and other members of Euphorbraccae, Olaemeae, 
Acacm and Rubtaccac Tlic Holocene forest clearances and the carl) agricultural 
practices played a large part in their spread throughout the country 

Influx from the north Mention has already been made of the m\ asion of some 
Mediterranean element m tlic Himalayas towards the earlier phases of the Pleistocene 
when oaks and alders together with Cerfrus clothed the mountain ranges The 
commencement of the glaciation and its succcsnv c repetmons introduced the Siberian, 
die European, and some Chinese forms in the north-west Himalayas, and Japan cs-* 
and Chinese elements in the eastern Himalayas The present alpine flora is largely 
constituted by tins assemblage The dominance of Tumanaccac, Potentillas, Lcgu- 
nunosac (Hcdysantm and Astragalus), Umbclhfcrac, Lcnicmi, Artemisia, PcJiaiLns, 
Boragmaccae and Hippophae arc the typical examples which approach the south 
European vegetation To dm list may also be added members of Nymphacaceae, 
Caryophyllaceac, Hypcncaccae, Gcraiuaccac, Lcgummosac, Rosaceac, Lythraceae, 
Crassuliccac, Rubiaceac and Compositae Special mention may be made of Ky mph tea 
alba, Afarrubittm utlgare, Ncpcta (atari t, Patatnlla reptetts, Tafahum fragtf rum CrJic^as 
cix)dcatiifn, Rid ns fruticesus and Aqutfcqia nifg^ris most of whteh arc 

concentrated m the extreme west, but die last extends up to the humaoi 
hills 

Likewise, die Chinese and Japanese element was largely concentrated ui SiUum, 
Bhutan and Khasi hills m Assam, a few spcacs extending westwards to Garhwal and 
Kumaon The Sinojapancse clement includes spcacs of Aueuba, JJrJuinyia, Stnhyurus, 
Vnhanthus, 4bel\a, Slimmia, BueUardia, Dtcbroa, Beithaima, Coreopsis, etc. Ocher 
plants common betw ccn China, Japan and the eastern Himalayas arc Mi ereputea part if 1 t 
Jiamamelis ehtnensts, K^mphua p)qjnaea Vacamum bractcutnm, and Qiirrrws serreia The 
Chinese genera that were pushed into die eastern Himalayas include lilt turn, M-f' Ata 
tnembert of Scluzandraceae, C .meltu, Deutiia, J{)Jra~qea, Comaceac and It $ 

A Japanese and Chinese fanuly, Lardirabalaceae, attains maximum development m d e 
eastern Himalayas 

A few American e’ements sich as AJenceoulcn, O\)bophus, 7\ J pfyllrrt Met nap/ii 
{sect St) hpeJ urn), Gncfi/m, Lcrdizcksla M wttepj wf'tj Jlrxvn a ami Mitels 
panicnhta perlups also armed through the eas’em Himalayas In view of tie Ponsuc 
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relationship between eastern Asia and western America during the Tertiary, their 
advent mto India during that period seems probable. 

Diffusion of the new arrivals. Successive climatic changes during die 
glacial and interglacial stages caused considerable shifts in floral populations, 
so tlut some elements of the east arc found m the west, and of the north m the 
south, and vice versa The sub-tropical transitional belt between the temperate and 
tropical vegetation, and the admixture of eastern Himalayan and western Himalayan 
floras m Nepal came mto existence Osbeckia, Argostentma, Plecfranthus, members of 
Cyrtandreac, Sataminaceae, Araccac, Commelmaccac and Orchids advanced north- 
ward and are present today even on lofty mountains The glacial periods drove the 
extra-tropical weeds from the north temperate regions to South India and these include 
species of Ranunculus, Cruciferae, Caryophyllaccac, members of Papihonaceae, 
Gnaphahum, Xanthitim, Veronica, Anagalhs, species of Hehotroptwn, Polygonum, Juncus 
bufonnis, Bulomtis timbcllatns, Ahsma planiago, Cyperaccac and Grammcae, Mynoph)}lum, 
Potamogeton, Valltsnena, Zanntcheha, etc Several Siberian plants like Spiraea kamtschatica, 
Pans polyphylla and Cory dolts sibmca have come to stay in the rainy Himalayas The 
flonsne migrations from the south to north have not been without impact on the 
vegetation of Siberia, the tropical Menispcmum still occurs there Although the oaks and 
pmes could not descend below the foothills of the Himalayan chain, quite a few arrivals 
from Europe mto the Himalayas were pushed mto the south Indian hill stations where 
they find refuge today after the climatic patterns have changed. These include Stcllaria 
uhgmosa, Circaea alptna , Samaila europaea, Bmnella vulgaris, Thalhctrum, Ranunculus, 
Card amine. Geranium, Alchenulla, Fragana, Potentilla, Parnassia, Ajuga and Cjpcraceae 
and Grammeae 

Some typically Himalayan species of Berbens, Hypericum, Rubtis, Pedicularts and 
Rhododendron found m the south Indian hills migrated there during the Glacial Epoch 
It was during the Quaternary that the alpine belt of Europe extended to the high peaks of 
the Himalayas above the tree ‘limit, where today several foreign types such as speaes of 
Geutiana, Ephedra, Corydahs and members of Valenanaceae are found 

Despite such a vast change m the flonstic pattern of India, quite a few temperate 
genera such as Erica, Arbutus, Azalea, Fagus, Cochleana, TtUa, Liipmns, Rhinmilfins and 
Empetrtim, and Cistaceae seem to have failed to reach the sub-continent Some, like 
Hteracium, Trifohum, Centaurea, Veronica and Dianthtts, which, however, reached here did 
not multiply and only a few species are found They are perhaps introduced by man and 
have been associated with agriculture Some genera from other parts of the world have 
found so congenial an environment m the Himalayas that they have attained maximum 
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development These arc Rhededendreu, Menetropa, PedtotUns, Cor) fobs, h'epcia, C-rrr, 
Spiraea, Primula, Ccrasus, Lcntcera, Viburnum and Saussurca 

Adaptations. Local and regional differences produced as a result of successive 
alterations m the climatic belts have resulted m disjunct distribution of once vvidclv 
distributed plant communities and individual plant species Their confinement to local 
and regional environments resulted m new forms, the ecoforms, and eventually m new 
species It is bcliev cd that Cedrus had a continuous distribution at low cr lev els from Lebanon 
to India during the Quaternary and the disjunct distribution resulting from Quaternary 
c\ ents has ev oh cd three distinct races or sub-spcacs now recognized as Lebaron Algerian, 
and Deodar cedars 

The changes in climate and physiography not only changed the pattern and com-* 
position of plant life in the country but it also resulted m considerable variations in 
individuals of the same species as regards habit, habitat, colour of flower, leaves odour 
and hnnnrss Pirttu rcxbtirghu gross's well m the climate of Kumaon, Nepal and 
Sikkim but is stunted on the sandstone rocks in the and parts of tire Punjab hills The 
high and low level forms of Pirmr uaUiehatta and silver firs, the adaptabihtv of CeAns 
deedara to both moist and dry habitats the variable growth of T«t\i<s I jrc<r f j — tall 
m the deep forest, lax, prostrate and bushy along the edge of the forest, and stout dense 
and horizontally bran died in he open, and Ephedra sp with 60 an high plants in the 
plains and hardly 2 5 cm long at 4500 m altitude arc other examples Similar vartablc 
forms arc seen m Kota, Spiraea, Herberts Jttmpetus, Sarcecwa, Iltppeph ie and Afyricrnt 
The trees of S/iereu rduifa arc gnarled in dry regions but are robust in the Tcrai 
forests Cassias, Indigoferas and sptacs of Al}sicarpus are tall, slender and delicate 1 1 
die moist regions but prostrate and wiry m drier habitats 

Influence of man. With die introduction of agnail lure in the Neolithic, 
man began to ex erase considerable influence on die plant life m ImLa, as elsewhere 
Together with sev eral introduced crop mto this predominintlv nee growing region 
came along sev eral w cedi associated with cultivation With die growing population and 
increasing demand on the forests for clearance of land for cultivation, for smclt-ig 
copper and later iron for baking bnchs and po'tcty, a tremendous destructive influence 
m addition to climatic and cdapluc changes, reduced the indigenous forests to a great 
extent The flourishing vegetation m Rajasthan and Sind was replaced by a di-rt about 
3 couple of thousand years ago 
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The marine fauna of the Pleistocene shows little difference from that of the present 
day Extinct forms are % cry rare and arc mostly reduced to varietal forms of the 
living spcacs The distribution of the fauna in the north was, how ever, different There 
was displacement and migration as the ice-shects advanced and retreated. One reason for 
lack of many new or different forms is the shortness of the epoch, a million yean, 
a period too short to produce any significant change. 

The faunas of the Quaternary Period were influenced b> the migrations brought 
about as a result of climatic changes Many mammals moved between Eurasia and North 
America by way of tbe Bering Strait ‘filter bridge’, and between North and South 
America by way of the Panama bridge Camels and horses migrated from North 
America to Eurasia while mammoths, bisons and stags migrated from Asia to North 
America Pumas, raccoons, mastodons and horses migrated from North America to 
South America Ground sloths glyptodonts (Pi 80) and porcupines migrated from 
South America to North America The rhinoceroses and pigs remained confined to 
Asia and the pronghorns and peccaries to North America 

Corresponding to glacial and interglacial stages, a succession of mammalian faunas 
can be noticed in the Pleistocene An early fauna, called warm fauna essentially 
characterized by Elephas antiqtius marks the beginning of the Pleistocene Along 
with Elephas anttquus was found Rhinoceros mcrcku also extinct, and more rarely 
Hippopotamus major, closely allied to the living Hippopotamus atnphihius The most 
typical members of the succeeding cold fauna were Elephas pnmtgcnitis and the woolly 
rhinoceros, Rhinoceros ttchorhtnus, both now extinct Occasionally, the musk ox 
Ovtbos nioschatus, of Greenland and North America, and the reindeer, Rangifer taranJus, 
were also present. 

Tbeasphalt deposits of the Rancho La Brea in Los Angeles, United States, are famous 
for fossil Pleistocene mammals and birds which were discovered while digging for 
asphalt It is estimated that about three million fossil bones have been reanered. Among 
the animals found are* sabre-toothed tiger, lions exceeding in size, all living and extinct 
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forms; huge vi ol\ cs, probabl) tiic largest of the tribe, cats, distinct from an) In mg type; 
ground-in mg sloths of the size of rhinoceros; mastodons, camels, deer, antelopes, 
rabbits, hares and mice, caglo-bkc bird, larger than the condor, and kites. Junks, and 
on h These animals belonged to the Glacial Epoch, flourished at lease one hundred 
thousand )cars ago, and were entombed in the asphalt-tar swamps m a curious wa) 
In a diary, written during the first Spanish expedition to California, it was repotted tint 
the asplult flowed m swamps hie melted rock from underneath the ground. It was, 
therefore, originally an oil seepage turned to tar and asphalt through loss of its volatile 
materials Probably, the animals unsuspecting!) , came to drink water that was 
underlain b) tar and stuck in the swamp and sank Their corpses attracted predatory 
mammals and birds who also eventual!) sank and became victims of the pool (1*1 81) 

Evolution of Some Important Mammals 

Apart from the emergence of man, Pleistocene witnessed the arrival of the clcplunr, 
horse, camel and rlunoceros. The first tlircc of these animals sen ed as food for man 
in the hunting stage, and later were used by him for transport 

The gradation m foot, teeth and skull structures of horses, elepliants, and camels through 
different levels of the Tcrtiar) deposits indicates not mere!) taxonomic senes but actual 
descent lines under varying environmental conditions During the Ohgoccne, there was 
hoav) tamfall and forests developed over most of the land. The ungulates, the hoofed 
mammals with cloven feet, adapted for 1 ife m marsh) or soft ground, flourished. Their 
teeth were fitted for chewing the soft leaves of the trees and browsmg on the succulent 
undergrow di With the adv ent of the Miocene, seas began to retreat, and rauifali decreased. 
The forests were decimated, and the grasses spread over wide areas The teeth of the 
ungulates now became adapted for chewing grasses, and the feet for life on the grass) 
plains There came corresponding changes m the limbs which became slim arid helped 
m running It is thus that these animals sav ed themselves from the camiv ores 
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forms, huge wolves probably die largest of die mbc, cats distinct from any living tv pc, 
ground living sloths of the size of rhinoceros, mastodons, camels deer, antelopes 
rabbits, bares and mice, eagle-like bird larger dun the condor, and kites hawks, and 
owls These animats belonged to the Glacial Epoch flourished at least one hundred 
thousand y cars ago and were entombed m the asphalt tar sw-amps m a cunous way 
In a diary, written during die frnt Spanish expedition to California it was reported that 
the asplult flowed m swamps like melted rock from underneath the ground It was 
therefore, originally an oil seepage turned to tar and asplult through loss of its volatile 
materials Probably, the animals unsuspecting!) came to druik water that was 
underlain b) tar and stuck m the swamp and sank Their corpses attracted predator) 
mammals and birds who also eventually sank and became victims of die poo! (PI 81) 

Evolution of Some Important Mammals 

Apart from the emergence of man Pleistocene witnessed die arrival of the elephant 
horse, camel and rhinoceros. The first dircc of these animals sen cd as food for mail 
m die hunting stage and later were used by him for transport 

The gradation in foot tccdiandshullstructurcsof horses, elephants and camels through 
different levels of the Ternary deposits indicates not merely taxonomic senes but actual 
descent lmcs under vary mg environmental conditions During die Ohgoccne there was 
heavy rainfall and forests developed over most of die land. The ungulates, the hoofed 
mammals with cloven feet, adapted for life m marsliv or soft ground flourished. Thetr 
teeth were fitted for ch-vvmg die soft leaves of the trees and browsing on the succulent 
undergrowth With die adv ent of the Miocene, seas began to retreat and rainfall decreased. 
The forests were decimated, and die grasses spread over wide areas. The teeth of th" 
ungulates now became adapted for chewing grasses, and die feet for life on the grass) 
plains There came corresponding changes m the limbs which became slim and helped 
m running It is dius dnt these animals sav cd themselves from die camiv ores. 
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Forests gradually gave place to open plains over large areas in North America, and 
Eurasia Since there were no shrubs for concealment, an animal had to run fast to survive. 
Its teeth had to be strong to chew tough grasses Phohippus and Hipparwn of the 
Pliocene were much like Mcrychtpptts, but bigger and with more complex teeth Both 
Merychppus and Phohtppus had three toes on each foot but used only the middle one 
As the side toes became useless on hard ground, they began disappearing In Phohtppus, 
the side toes were not outwardly visible Eqtius, or true horses, appeared in the Pleisto- 
cene Their side toes were reduced to mere fragments or splints of bones, while the 
middle toe hardened into a large lough hoof, characteristic of the modem horse The 
single toe, the long, slender leg bones, and the fusion of nbia and tarsus m the modem 
hone indicate adaptation for speed on hard ground. The teeth also became adapted for 
chewing the grasses that grow m the plains 

Evolution of the horse is shown in Pi 82 Several thousands of specimens of 
various stages have been discovered. Over 260 species have been recorded, which 
merge into one another Link after link has been established, and we are now able to 
reconstruct the pedigree of hone for over fort) million ) ears 

A strange fact about the hones is that although North America was the centre of 
their origin, they spread into eastern hemisphere in the Miocene and became extinct 
in North America m the Pleistocene They were rc-mtroduced in North and South 
America by the early Spaniards In South America the) multiplied and ran wild in large 
herds over the pampas The genus Eqtius at present includes sev cn species — the Przcwalsk) s 
hone from Central Asia, the wild stock of the present hone, three spcacs of zebras 
from Africa, and three wild asses, two from Asia, and one from Africa. In addition, 
there are many varieties of domestic hone and donke) , the result of man’s selective 
breeding 

Elephant Fossil elephants exhibit gradation from a pig-like animal known as 
Mocnthermm, from the Eocene of Egypt, to four-tusked and subsequently to modem ele- 
phants with tu o large tusks The trunk evolved from the prolongation of the upper hp 
Moenthenum had neither tusks nor trunk Its upper hp was, however, elongated 
like that of a tapir, and the second upper and lower mason were enlarged and bent 
forward. A diversification of types began with the advent of the Ohgoccne In Pafaeo- 
mastodon of the Ohgocene, the elongation of the pre-nasal and symphysial regions of the 
skull became noticeable while there was a shortening and elevation of the post-nasal 
portion Though the large upper mason were tusk-like, they stall showed a downward 
curvature The lower jaw had also a pair of small tusks 

The next stage of ev olutaon is seen in Tetrabelodon, also called Trtbphodon In the 
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earlier species of tins genus from mid-Mtoccnc to Pliocene, the symphystal region of the 
lower jaw grew so long tliat tlic tusk-like incisors could nor easily reach the ground 
dunng food collection. The prehensile nose, therefore, lengdiened hey end the tips of the 
tusks, forming the trunk, which sen ed to collect vegetation and to suck up water. 
In die later species, further evolution led to die rapid shortening of die s\ mphvsul region, 
straightening of die tusks and the union of the cusps on the molars to form transverse 
ridges It was during the Tetrahehdott stage of evolution that die elephants, so long 
confined to Africa, migrated to Europe and Asia By die middle of Miocene, they reached 
North America by the land bridge across the Bering Strait. 

In the Pliocene, the ancestors of true elephants appeared widi curbed upper tusks, 
short tuskicss lower jaw, and greatly expanded molars with numerous low crests In 
early Pleistocene, true elephants hid simple molars High-crowned teedi evolved later in 
die epoch. It was during die Pleistocene that the elephants readied dieir maximum 
dev elopment. 

Tlic early Plnstoccne true elephants continued to have the low-crowned teedi of 
their ancestors. They were known by die gencnc name AUmimithus or commonly 
mammodis, now assigned to Elephas. Their tusks first grew downwards, then arched for- 
ward to become very large. They had a raptd evolution within a period of less than a 
million years and spread practically all over the world and died out m die severe cold of 
the later part of the cpoclu They were about die sire of die living Indian elephant to 
which they arc also related, and differ from it m liaving a coat of grey wool covered 
by long coarse brown ltair, which protected them against the arenc cold (Pi. 83). 
frozen bodies, complete with hair, skin and dned blood, have been found in Siberia and 
Alaska. Man and the mammoth were contemporaries during die Pleistocene. Paintings 
of these mammodis made by man arc (bund on die walls of pre-histone caves in Trance. 
Carvings on the ivory of mammodis arc also known. Asiatic elephant is a descendant of 
the early mammoth. Its tusks arc directed downwards, and molars arc high and broad. 
The last molars may have as many as twenty-four closely folded aossplatcs. The evolution 
of the eleplunt family is shown in Pi. 84. 

Camel. Lil e the horse, die camel evolved m Nordi America but u now confined 
to Nordi Africa and Asia. The related llamas of South America cvolv ed m the Pie- eocene. 
Tlic earliest known camel is Prct)hpus of die upper Eocene. It was a small creature with 
forty -(bur teeth* die canines bang slightly elongated and all die molars w ere low-crowned. 
It had four tow but the lateral ones were embryonic and the m eta portals w ctc not united. 

During die Ohgoccnc, the camels became diversified through varied adifltti rn 
and the two-toed pattern of the feet became firmly established, Per bred euun resembled 
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its contemporary Mesohippus m the degree of evolution It grew up to the size of a sheep 
but had relatively longer limbs and neck, and a tapering skull The digits, in all the 
limbs were reduced, and the side toes did not develop beyond the embryonic stage. 
During the Miocene, aS in the earlier times, both the camels and the horses lived practically 
under die same climatic conditions when grasslands were widespread. The evolution 
of the camels and the hones again shows parallel development From the grazing camels, 
winch included the lower Miocene Pr of out cry x and die upper Miocene Procs»nchis, 
evolved modem camels Protomeryx still had die full set of teeth but the grinders were 
adopted for chewing hard grass The two- toed feet had pointed hoofs like those of the 
deer The reduction of teeth occurred first in Procamelus In dns genus, die first and second 
incisors were lost and were replaced by a homy pad Adaptation to desert conditions 
led to the development of padded foot The hump of the modem camels is, however, 
a recent development 



Fig 72. Evolution op the cams 
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In addition toother changes from Prctjlppus and Prctamcins to the modem camels, 
there has beat a progressive elongation of the mctapodials, and their close union to form 
the cannon bone The dentition, which was full and continuous, gradual!) lost the upper 
mason, and developed a wade gap, the diastema, in front ofprcmolars, a cliaraetcmtic 
of all vegetable feeders The evolution of the camel is shown m Tig. 72. 

Rhinoceros. The living rhinoceroses arc remnants of a once widespread and 
abundant group There arc now only three spcacs m Asia and two m Africa, and they 
seem to be heading for extinction. The rhinoceroses arose from small animals, slight!) 
bigger dun Folappus, in die Eocene. They had four toes on the forefeet and dirce on the 
hind feet, and long slender legs for running The teeth were low -crowned, adapted for 
browsing Sev cral groups of such Eocene rhinoceroses disappeared b) die Oiigoccne. One 
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group seems to have adapted a mode of living similar to that of the present day 
hippopotamus Another evolutionary stock of rhinoceroses led to the development of 
Baluchithermm We have already made a reference to this gigantic animal It was 
a hornless rhinoceros that lived in Mongolia, Baluchistan and southern Russia during the 
Ohgocene and Miocene Epochs During the Miocene and subsequent times, various 
one- and two-homed rhinoceroses evolved which began declining during the Pliocene 
and the Pleistocene The evolution of the rhinoceroses is shown in Fig 73 A contemporary 
of pre-histonc man was the huge woolly rhinoceros known as Rhinoceros tichorhinus It 
lived m Europe during the last Icc Age and like the mammoth had a protective coat of 
thick hair It became extinct with the passage of the Ice Age 

Bovidac The most familiar ruminants, such as sheep, goats, musk oxen, antelopes 
and cattle appeared m the Miocene, but it was not until the Pliocene that they became 
diversified Today they are the most abundant among the mammals and occur 
in a great variety of forms The greater part of their evolution took place in Eurasia and 
Africa In early Bovidae, die horns were slender and straight, and were close together 
almost between the eyes, a feature still persisting among the living antelopes One line 
of evolution led to die elongation and widening of the frontal bone which finally resulted 
in the separation and backward shifting of the horns This progressive change is found 
maximum in die oxen The sheep and antelopes first appeared in the upper Miocene 
and the oxen and goats m the Pliocene 

Some Important Pleistocene Animal Fossils from India 

In the Boulder Conglomerate, the highest horizon of the Smahk system and refer- 
able to the lower Pleistocene, modem ox, camel and horse make their first appearance, 
while Stegodon gaticsa (Fig 74), Rhinoceros, Hippopotamus, Sivathertum, Hyaena and Fehs 
are the survivors from previous faunas Some of the fossil animal skulls recovered 
from the upper Siwaliks at Pinjor, near Chandigarh, are given m Pi 85 Fig 75 
shows frie horns of Bos acttltfrons, an extinct rdauve of the buffalo and Fig 76 the 
restoration of Colossochelys atlas, a giant tortoise Both these animals lived in the 
Siwaliks of Punjab during Pleistocene A fauna consisting of Elcphas antiquus and 
Equtis namadicus with extinct species of Rhinoceros, Hippopotamus, Cert us. Bos, Sus, 
etc has been found in the middle Pleistocene alluvium of the Narmada valley 

Vertebrate bones of the middle Pleistocene age arc sometimes found in die Godavan 
valley One of the speaes identified is the gigantic Elephas antiquus (namadicus) with duck 
and long tusks The circumference of a tusk measured 75 cm at its proximal end The 
animal must have been about five metres m height 
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d-pemts of soutl 'Til Maharashtra t u* the rcla'uns Urv cm U' c*i 1 tow fuse's 
{ and those containing th- mtplcmnrt are not well im<irn ood. 
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In the Narmada valley between Hoshangabad and Narsinghpur, there arc old river 
terraces rising some 36 m above the stream Mammalian bones have been found from 
the base of upper gravel and sand, equivalent to the Potwar silt, while pre-histone 
implements have been discovered abundantly m the layers of gravel Animal fossils 
found include tbc following 

LAMELLIBRANCHIATA 

Umo comigatus * Lam var and Corbtcula aff striatclla 
GASTROPODA 

Vwipants ( Paludma ) bcttgalensts Lam. 
nEPTILIA 

Pangshura tecta Bell (P flaviventns or Emys iianuidiciis Theob, found m Indian rivers 
today) 

MAMMALIA 

Ursus ( Helarctos ) natttadiats Falc & Cautl 
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DthJus (f Bit fetus) pakcindiass Fate, (allied to the modem Indian buffalo) 
Ihsckplus mmahaix Rut. (related to die modem ‘blue bull’ ormfpu, B. tra^xamt*^) 
Bos namaAtcus (from die Si wall Ls) 

Cervits dtivaueetU Cuv. (allied to the modem faramig/jd) 

Siu namadicus Filg. 

Hippopotamus pjUttnJtais Falc. A: Cautl. (belonging to a sub-genus now only found 
in Africa) 

Hippopotamus mnnu hens Pale. A: Cautl. (probably from an earlier Smahh ancestor) 
Equus ttdmaJtcus Falc. A’ Cautl. (from the Si wall ks) 

Rhinoceros unicornis Linn.. (a living spcacs) 

Ekphas anli/pws (nanuJtass) Talc. A: Cautl. (probab!) identical with the European, 
£, rtnfiijuus) 

Stegodw tnstgms Falc, A. Cautl. (Stwahk species) 

StegoJon gattesa Falc. A: Cautl. 

Tlie fauna appears to be middle Pleistocene, and equivalent to that of the Douldcr 
Conglomerate stage of the Snvahle. One of the palaeolithic implements found is a chipped 
stone scraper or hatchet discovered near Bhutra, eight miles nortli of Gadawara. 

Cave Tauna 

In peninsular India, from Billa Surgan, a few kilometres north of Banganappalh 
in the Kumool district of Andlira Pradesh, ossiferous cave deposits have been found. 
The eases are m the limestones Thar floor is cncnmcd with stalagmite, beneath which 
lies a red marl full of animal bones, some of them showing traces of having been shaped 
by man. The fauna includes apes, several carnivores, one msectivorc, bats, rodents, 
ungulates, an edentate, several birch and repnles, toads and molluscs It comprises mans 
recent forms and others close! j allied to living forms, but extinct. The most in (cresting 
feature of the fauna is the occurrence of four forms which arc identical with, or closely 
allied to living African types. These are a species of the ape, Cpiccrphohit, the wild ass 
£.j»»s minus, a spcacs of Cnvuv, probab!) identical with one found m the Plcts'oeme 
alluvium of Tiruelurapalh, and an edentite apparently identical with the west African 
Moris gigjn'rj. Tlie age of the extinct fauna is rrgarded as upper Pleistocene. 

Extinction of Large Mammals 

A* the close of the Cretaceous saw the extinction of dinosaurs and d e me of tl e 
mammals so die end of the Pleistocene saw die extemnunon of large rrummih and d*e 
rue of man. Tlie reason for the wide exterm-nanon is not definite!) I rown. Ptejtocere 
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conditions were at times extremely severe for plant and animal life in the northern 
hemisphere The great Antarctic and Greenland ice caps are practically without life It is, 
therefore, reasonable to assume that four advances of glaciers in the northern hemisphere 
drove the flora and fauna to the south totally depopulating the areas over which the 
glaaers moved The retreats of the glaciers allowed life to spread over again m the north 
But each advance of glaaers caused widespread extinctions and replacements Many 
large and heavy animals had become highly specialized and suffered from shortage of 
food to which the)’ were accustomed, or became victims of epidemics Still others were 
exterminated at the hands of progressu e and vigorous invaders through land connections 
between continents 

Man himself has been responsible for the destruction of many giant animals, not so 
much directly, but by burning forests But primitive men living in small communities 
could not have greatly affected animals so large, numerous, and well established as were 
the mammoths and mastodons Thus, we may only speculate the causes of their extinc- 
tion, and one of them may be ovcr-speaahzation Specialization once started conti- 
nues until the limit is reached and thence begins slow degeneration of organs or rapid 
extinction of individuals 

Extermination of life is gomg on even at present The Asiatic or Indian lion, im- 
mortalized m the legends of the Middle East, has been reduced to about 290 individuals 
preserved in the Gir sanctuary in Gujarat The brow -antlered deer of central Burma 
and Javanese rhinoceroses are now limited to no more than 50 to 60 individuals There 
are now m all about 100 individuals of Africa’s finest antelope, the giant sable The wild 
ox of Europe, the forerunner of European domestic cattle, was wiped out in about 1627. 
The dodo, the most famous of all extinct birds, died out in 1861. In all cases man seems 
to have been the agent of destruction 

Australia provides a good illustration showing how’ faunal invasions and competition 
might have acted in the past Before the immigration of man, Australia was inhabited by 
two lower groups of mammals, the pouched marsupials and the egg-laying monotremes 
Only the rodents immigrated there as waifs on floating logs, and the bats were already 
there as they could fly across ocean barriers The mice and the dingo dog were probably 
introduced by the early human immigrants Among the animals introduced by the white 
man, were fox, brown rat, rabbit and sheep Many domesticated dogs and cats that 
were imported took to the forest life and for all practical purposes became wild beasts 
They practically wiped out the rat-kangaroo and the rabbit-bandicoot Rabbits multiplied 
so much that even an endless campaign of shooting, poisoning, fumigating, fence- 
building, and biological warfare has not brought them under control 
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EVOLUTION Or MAN- 1 
The Precursors 

Monkeys, Aprs, Amrnlopithccincs ami Pithecanthropi 

The HISTORY 1 of mammal* dates bach to the Permian Period when maternal instinct* 
were first developed »n the small reptiles known as thenodonts. They were so 
named because they' were the Erst vertebrates with teeth di/fcrcnuatcd mro molars, 
canines and mason, each with its characteristic form ami function These creatures 
escaped extermination from the ruling dinosaurs in the Jurassic by' taking refuge 
m the trees. During the htc Cretaceous many of them came down to the ground to 
occupy the space vacated by other reptiles. A small number, boss ever, continued to Inc 
in the trc« and became the ancestors of the primates. Thrs were still tins creatures, about 
the sue of the tree-shrew, and In cd on insects and tender shoots. But In mg m trees called 
for a variety of movements and consequently their fore! i mbs were modified for grasping 
The mammals of the early Tertiary had five fingers and five too. As time went on, 
these became specialized tn various ways and reduced in number m some cases, hi tree- 
dwellers, the fingers and toes became prehensile for the purpose of grasping branches 
of trccs.Whilc m some mammals the upper parts of limbs arc attached to the sides by 
the si m, m die ease of primates the limbs arc articulated to die body at the shoulders and 
hips which ensures greater freedom of movement. Tree-dwelling animals dev Joped dm 
feature and also the rapacity of assuming an erect posture b\ standing on hind legs. 
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judging distance and seeing objects as solid (stereoscopical! j) instead of just flat”. In 
response to this ocular advancement there was a corresponding development of the 
brain and of the nervous system related to vision together with modifications of the 
different parts of the bod) A first step in this direction was taken b) a few insectivorcs 
like the tree-shrews which took to living in the trees Next came the lemurs and 
tarsiers with large c)cs Fossil remains of a group of small animals allied to Jiving tree- 
dwellers hke tree-shrews, lemurs and tarsiers have been found in carl) Tertiary rocks 

With the progressive dev elopinent of an erect stature, the backbone began to function 
as a column upon the top of which was placed the head in perfect balance The earliest 
known primate is Plesiolestes problmatiais from the Palcoccnc rocks of Wyoming in the 
USA In the Eocene arc found the true lemurs and tarsiers In the New World, lemurs 
became extinct b) the Ohgoccne, but continued in the Old World and todi) the) ate 
common m Malagas) The tarsiers arc more advanced, and appeared later than the 
lemurs The next higher group is that of monkeys In zoological classification, the sub- 
order Anthropoidca includes monkeys, apes and man fig 77 gives a chart showing 
the evolution of man and apes 

The earliest true monke), Paropitl teats, is known from the Ohgoccne of Egypt The 
New World monkeys arc more primitive and represent a blmd allc) of evolution The 
Okgocene of Egypt has also yielded fossils of the first known ape, the small Propho- 
pitlteats Its appearance at this time indicates, according to Swinncrton, that the apes 
directi) evolved from the tarsiers bypassing the monkeys During the early Miocene 
the evolution of the apes was continued in the region of Lake Victoria in central Africa 
where a gibbon like ape, called Lnnnopttheais, and Proconsul, which is a common ancestor 
of gorilla chimpanzee and man or a direct forerunner of man, have been found 

From the late Miocene until the lee Age, forests dwnndled with the advent of cold 
followed by dry climate The true apes, unable to give up the habit of living in trees 
retreated southwards with the forests, and kept to the more uniform living conditions 
of the tropical forests where there was less incentive to evoluaon Proconsul, with legs 
and arms of the same length shows that it took to living in open country while its heel 
and leg bones give indications that it must have at least assumed a semi-crect posture. 
Dryopttheats from the Miocene of India and Europe had features that could be ancestral 
to modem apes but from its size and weight it is doubtful if it could spend much time 
on trees Man) speaes of Dryopttheats have been discovered from the Snvahk hills 
Rattiapitheats brci irostns bridges the gap between the anthropoid apes of this penod and 
australopithecmes Sn apttheats is another fossil ape Several members of Dryopitheanes 
have been discovered from the Siwahks Recently an almost complete lower jaw of a 
Dr)Opithenne has been found near Hantalyangar in Bilaspur district, Himachal 
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Pradesh, and is currently under study bs the Chopra-Simcm team at Panjab University, 
Chandigarh. 


LOWER. PALAEOLITHIC MEN AND THEIR CULTURES 
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Fig 78 Situs or 1 Models qumfanzu 2, Models man 3, Neandestoai man A Flelvc man 
5 Australopithecus (bormcid) 6, Procmwl e'ruans 7 AJj t upannmns AN ancient iemu* (Courtesy UNESCO) 


brows, flat nose and a protruding muzzle (fig 78) These hommids lived in bands in the 
cave fissures fig 79 shows a chimpanzee and a reconstruction of an Australopithecus 
Another important member of the Australopithconae is the Oldoway man, 
Zwjanthropus botvi discovered in 1960 from Oldowaj Gorge, Tanganjiha, from the 
beginning of flic middle Pleistocene The remains of Zmjmthroptts in the form of jaws 
and skull bones arc associated with pebble tools and bones of various animals like rats 
pigs, sheep cattle and giraffe, who served as food for Oldoway man Ztnjaitthropus had 
man like teeth but had much larger jaws than those of man. He had a long face, with the 
cheek bones like those of Homo large frontal sinuses but no heavy brow ndge The 
brain capacm was larger than that of Australopithecus His importance lies in being 
the first tool maker The pebble tools arc assooated with artificially rounded 
stone balls 
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Pithecanthropi 

Another centre of human evolution existed in the Far East where the pithecan- 
thropi developed The oldest of Java fossils are from Djeus deposits dating from mid- 
Pleistocene The most famous of pithecanthropi is Pithecanthropus credits (Fig 80), dis- 
covered at Tnml in Java by Dubois m 1890 The name was chosen after Haeckel’s hypo- 
thetical linking of man with an anthropoid ancestor Pith ecus meaning ‘ape’ and anthroptis 
meaning ‘man’, therefore, Pithecanthropus credits means ‘erect ape-man’ The find consisted 
of a brain-case, a tlugh bone and three teeth The bram capacity is 750-900 cc which 
is between the average of modern apes and man The deposit is diagnosed as of lower 
Pleistocene Pi 86 shows a reconstruction of Pithecanthropus credits 

Pithecanthropus pekmetisis was discovered m a cunous way The Chinese had been, 
since several centuries, using ground fossil mammalian teeth for medicinal preparations 
Findmg of some fossil human-likc teeth in a Chinese drug shop led to the discovery of 
the fossd remains of Pithecanthropus pclinciists m a Pleistocene deposit m the Choukouticn 
caves near Peking The remains were found associated with charcoal, very primitive 
stone implements and burnt bones of elephants, giant rodents, etc The fossil was 
originally named Sinanthropus pchnensis meaning China man from Peking Sub- 
sequently, it was found that there was no difference between Sinanthropus and 
Pithecanthropus Both are now assigned to Homo ercctus and the Peking man is a sub- 
species of Homo credits, and, therefore, called Homo credits pehnensis The Peking man 
was rather short statured The bram capacity was about 795-1225 cc which falls 
within the modem human range He made rough choppmg took and scrapers from 
pebbles, which represent the Choukoutien culture He had discovered the use of fue and 
used it for warming caves The control of fire is the first great human achievement for 
which credit goes to Peking man (Fig 81) In the cave, associated with very crudely 
fashioned flakes of quartzite and other stones, bones of extinct animals were found that 
had been subjected to the action of fire At first, man kept alive the fire produced by 
lightning or natural agency Later, he discovered the trick of kindling fire while hitting 
flint or quartz pieces against one another He might also have lcamt to produce 
fire by the friction of two pieces of wood Fire was perhaps the first step towards 
man’s emancipation from the bondage of hts environment With fire he could endure 
Arctic cold, penetrate mto deep forests explore caves for shelter, scare away dangerous 
animals and cook food Peking men were hunters, used flint implements and fire, and 
had a hthic culture 

Some unusually large teeth twice the size of corresponding teeth m gorillas and 
six times as large as those in modem man, were found in a Chinese druggist’s shop in 
Hong Kong They were thought to belong to some extinct giant apes or men and, 
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fn the valleys of the Chambal and its tributaries in Rajasthan and Makva, and in 
the Yantuna valley in the Banda district of Uttar Pradesh also Palaeolithic assemblages 
have been recorded. 

Early to late Soan implements have also been found in the Smgrauh Basin, Mirra pur 
district in Uttar Pradesh and in the Mayurbhanj district of Orissa. 

In tlic valley's of the Sabarmati and Malic in Gujarat, mixed industries of pebble 
tools, bifaccs and flakes have been recorded. 

The nver terrace system of the Irrasvaddy nvrr m Burma is the same as that found 
in the adjoining Shan plateau, and strongly resembles the terrace system of the Pomar 
and adjoining regions of India and West Pakistan. The number of terraces is the same, 
crosional and depositional features arc similar, as also the succession of pre-lmtonc cultures 
in which early Palaeolithic corc-pcbblc tools arc gradually mixed and partly replaced 
by flake tools of a more advanced type. The first evidence of the human industry, known 
as die early Anyathian, is found in Terrace 2, deposited m times of heavy rainfall. In 
Terrace 4, a more advanced type of Palaeolithic implements is found. Terrace 5 con- 
tains deposits similar to those of recent rivers. 

Thus, during die Soan time, the hunters of the Irrawaddy valley in north Burma were 
making rough choppers, chopping-tools, hand-axes and large scrapers, characteristic of die 
Anyathian culture, and at Choukoutien m north China, the immediate ancestors of 
Ptthfanifiwput pfkintntts must have been usmg rough quartzite and some fashioned 
limestone as tools, as such implements were found widi dieir fossil rema ms. It is, therefore, 
apparent that by die second interglacial, the Choukoutien culture was established hi 
north China, die Anyathian m Burma, die Soan in West Pakistan and India, and the 
Patjidianian in Java. The last has been identified in the valley of the Kali Baksoka stream 
and some places m southern Java from large clumsy tools, mainly choppers made from 
water- worn pebbles and massive flakes. 

In the region comprising the Indo-Pakman sub-continent, Burma, Java and Chun, 
die culture seemed to have belonged to a different and generally less progressive type, 
which in the words ofjacquctta JIawkes 'had no comparable creation to rival the hand- 
axc\ Tim is known as die chopper-chopping-iool complex and shows a high proportion 
of tools made of touch flakes. 
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Chopping tools and choppers made out of large, round, and flat pebbles formed the 
most characteristic implements of the Scans who also fasluoncd flake tools The pebble 
and flake tools became smaller and better shaped as time went on. The latest Soans, who 
lived during the Riss glaaation and the succeeding interglacial, developed a culture 
apparently like that of the European Levalloisians, who were known for their “tortoise- 
core” technique. 

In the south and central India, during the pluvial period which corresponded m 
part with the second and later mterglaculs of the Himalayan region, pear-shaped or 
oval core-tools, flaked on both faces to give a continuous cutting edge, the so-called 
hand-axes, were prevalent. There was, however, a regular interaction between this 
industry , known as the Madras Industry or Madras-Acheul, and the Soan Industry. The 
former dominated the south and south-east and the latter the north. 

According to present findings, the northernmost limit of pithecanthropi was 
Germany. Homo heidelbergeitsis, represented by a lower jaw, was discovered from Mauer 
sands near Heidelberg in the lower Pleistocene deposits The jaw is massive, without 
a projecting chin, but the teeth arc very human The jaw was found associated with the 
remams of Pleistocene elephants, rhinoceroses, horses, etc. estimated to be about 450,000 
years old. Heidelberg man was the contemporary of Java and Peking men. He has some 
affinities with Neanderthal man who seems to be his successor. 
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as against 220 or less among ancestral apes This lengthening of the embry omc penod 
has earned with it delay in the hardening of the skull, and so increased growth of the brain, 
enabling it to register more and more delicately facts of vision and hearing especially 
Not only has the pre-natal period been lengthened, but the human body has become 
increasingly dependent for a longer time, thus the scope of maternal devotion has 
increased ’ 

The helplessness of the infant made it difficult for the mother to run with the group 
and this probably led to division of labour between males, and females who kept the home 
This also strengthened the bond between mother and child and it is thus that education 
developed Communication between mother and child gradually took the form of modem 
types of speech through refinement of the ears 

MIDDLE AND UPPER PALAEOLITHIC MEN AND THEIR CULTURES 
The Neanderthal Man 

The last remnant of palaeoanthropi, die Neanderthal man, Homo iteatidcrlhciktisis, 
was first discov ered from the late Pleistocene deposits m the Ncandcrtal valley near 
Dusseldorf in Germany Subsequently, numerous skeletons of this speacs w ere found 
from various places m Europe, north Africa, Iran and Iraq (Fig 83) From these 
discoveries, it appears that Neanderthal man lived in Europe, Africa and western 
Asia some 72 000 y ears ago He was short, had a low receding forehead, protuberant 
brows long arms, bent thighs walked with a stoop, and had a matted coat of hair 
(Pi 88) His brain-case was large, but the brain was poorly developed- He hunted 
a variety of animals including cav e-bears and hairy mammoths and cooked their 
meat on fire Pi 89 show’s a group of Neanderdial men hunting a mammoth 
Their weapons were boulders and spears of wood tipped with blades of flint 
Hunting in a pack requires organization, planning and strategy In this respect they 
showed a great advance over pithecanthropi who probably relied on individual skill m 
hunting The Neanderthal mm used stone-tipped arrows and buned his dead with great 
ceremony In the cave of La-Chapelle-aux-Samts, the corpse was accompanied by 
Moustenan. implements and joints of meat His social and cultural achicv cments comprised 
middle Palaeolithic civilization 

Gradually, however, he increased his stock of tools by adding knives, spearheads, 
awls, scrapers, and the like, all made from chips struck from the original core of flint 
used in making the hand axes He also used spear and sling as his weapons He also began 
to work in bone and hom To meet the growing demand for flint, he sunk shafts to get 
at sub-surface deposits when those on the surface were exhausted. Such advances 
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■was taken by the Cro-Magnon man (Pi 90), the modem species, Homo sapietis More 
than 100 specimens of Cro-Magnon man have been collected m western and central 
Europe His brain capacity was equal to that of the present day man The development 
of large cerebral hemispheres with corresponding enlargement of the forehead, prominent 
chin and small c anin es are the main distinguishing features of Homo sapiens, which are 
also noticeable in the Cro-Magnon man The archaeologists refer the products of these 
men to upper Palaeolithic industries In France, the cultural periods belonging to this clos- 
ing phase of the last Ice Age are referred to as Aungnaaan, Solutrean, and Magdaleman 
* The physical difference between men of the Aungnaaan and Magdaleman cultures 
on the one hand and the present day men on the other is negligible while the cultural 
difference is immeasurable”, says Leakey Thus man’s physical progress has practically 
come to an end, while progress m culture has taken its place 

The Attrignacians. The Aungnaaans, named after cave deposits of Aungnac on 
the upper Garonne in France, built up a vaned cultural life Their culture comprised 
flint implements of advanced type They had the spear-thrower and the bow, perhaps 
the earhest devices developed by man to augment the energy of the arms There were 
a few core tools longer, narrower and thinner, and flint implements were delicately 
worked Favourable conditions prevailed in central France The limestone plateaus were 
steppes, on which browsed animals Fishes were abundant in the nvers, and mountain 
caves offered convenient habitations 

A similar culture, known from the making of fine tools from relatively small flakes 
of flint is called Capstan, after the anaent Capsa m Tunisia This culture entered Spain 
by the Gibraltar land bridge and crossed into Italy and southern France b> die land- 
bndge that existed between Tunisia and Sialy The early Capsian may be older than the 
Aungnaaan culture, which lasted from 11,500 to 10,000 B c , during which the 
Aungnaaans not only carved figures and engraved objects, but also decorated the walls 
of caves in which they hved with paintings of woolly mammoth, woolly rhinoceros 
cave-bear, bison, reindeer lion horse, fish, catdc and stag Possibly, they were painted 
for magical purposes to ensure good hunting Carvings of many of these animals and 
of human figures were made on hom, tusk and bone In one cave, clay models of 
bison have been found Evidently, the Cro-Magnon people were artistic. Later, there 
was much greater improvement m workmanship By patiently applying pressure near 
the edge of a flint (pressure-flaking), small, thin, lace-shaped flakes, often of exquisite 
delicacy of workmanship, were produced 

The Solutreans. The closing phase of the Aungnaaan culture saw die steppe 
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upper Palaeolithic, needle had been invented, and sewing of clothes from the slons of 
hunted animals was done by women 

Remains of dwellings of upper Palaeolithic men have been discovered from Soviet 
Union and Czechoslovakia A group of six elongated rectangular underground houses, 
3x12 m. have been discovered at Timonorka near Bnansk in Russia. Floor was 3 m. 
deep, walls were lined with timber, and roofs were made of logs covered with earth. 
Stone lamps, burning animal fat, were used for light, warmth, and possibly also for 
cooking and heating 

An encampment of upper Palaeolithic men has been discovered from Ostrava— 
Petrovice in Czechoslovakia, consisting of three oval huts, 6-8 m. long, with a pair 
of hearths set in the middle, in which coal was burnt for fire The roofing consisted of 
skins of wild animals Piles of bones and tusks of mammoths indicate that the inhabitants 
were mammoth hunters They also hunted reindeer, ibex, bison, pig, horse, and wild 
cattle 

The invention of the chisel, the gouge and awl led to working on bones, tusks and 
antlers Bone spear points and needles were invented Wood was also utilized for making 
spears. 

Upper Palaeolithic Cultures of India 

Implements made of agate, jasper, chert, and chalcedony, mostly blades, burins, 
cores and scrapers have been discovered by Sankaha m the valley of Pravara, a tributary 
of Godavan Rough tools and flakes of Clactoman-typc have been recorded from 
Kh^ndivih near Bombay by Todd. These tools were possibly used for cutting up carcasses 
and scraping skins 

Domestication of Dog 

Dog was domesticated by Palaeolithic man about 20,000 years ago Wolves and 
yicknk afoax bans' axa'ind. b.'imm, djwdjjsugi as. scaxengsci, feeding hones, awl ccumht 

of flesh The earliest dogs were probably like Indian pariah dogs, and Javanese chow. 
These types followed the Palaeolithic hunters round the world, breeding with other 
local speaes like wolf and jackal, which though distinguished as Lmnaean species, arc 
snll mterfertile That the dog entered into the ecological system of man very early 
is borne out by the fact that man and dog are universally distributed together, even in 
remote regions like Australia, Greenland and Alaska. 

The progenitors of the Amencan-Indians came from Asia by way of the Bering 
Strait into North America, perhaps between 20,000 and 15,000 years ago They brought 



CHAPTER TWENIYTHREE 

THE QUATERNARY PERIOD —VII 

THE NEOLITHIC CULTURE 

Invention, of Polished Stone Implements, Discovery of Agriculture 
and Domestication of Animals 

During the Neolithic or the Polished Stone Age, man acquired the skill of grinding and 
polishing stone implements like celt, axe or adze, and invented the sickle for harvesting 
crops He began to control his food supply by cultivating plants and domesticzcwg animals 
Bernal regards the invention of the technique of agriculture, ranking with the utilization 
of fire and of power, as one of the three most momentous inventions in human history 
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Like all great transformations, it was not a single act but a process including numerous 
observations and mventu ns, all subservient to the essential achievement—-' die cultivation 
of seed-giving grasses Apart from the discover) of agriculture and animal husbandr), 
other achievements of the Neolithic revolution were u ood-working, and manufacture 
of pottery and textiles Thus, when we speak of Neolithic revolution, what is implied is 
not a catastrophe but a major change in the techniques of food production which gate 
man control over his environment and saved him from the precarious existence of a 
mere hunter and gatherer of wild berries and roots For the first time, he lived in settled 
villages, and apart from security from hunger, he also had leisure to think and con- 
template 

The epicentre of the Neolithic revolution was western Asia, the region embracing 
Palestine, Anatolia Mesopotamia, the Caspian Basin and the adjoining Iranian plateau 
(Fig 84) It is in this region that wild ancestors of two major cereals, wheat and barley, 
and of domesticated animals like goat, sheep pig and cattle (Bos pnmigemus), arc found 



Fte 85 The ptsTwutmov or me ms Asasroti ot domestic m vis a nd animais v* 7ira Oio Woud on » 
man in Son s Cole The Neolithic Revolution Dr pcnnui on of the Tru«t« of the Drstuh Museum— Natural History 
* Oounevy UNESCO) 
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Thus apart from fertile soil, all the requirements of mixed farming which include agri- 
culture and stock raising were present in this region (Fig 80 ) 

The oldest Neolithic settlement sites known are Jericho in Jordan (7000 b c ), Jarmo 
m Mesopotamia (6700 b c ) and Belt Cave below the Caspian (6500 b c ) in northern 
Iran Between them, they, more or less, embrace the region which saw the rise of 
Neolithic culture (Fig 86 ) According to Braidwood, Jarmo and other ecologically 
similar localities witnessed the first attempts at agriculture In the region about Jarmo, 
the present day botanical evidence strongly substantiates the idea, that here 
are found wild wheat, wild barley, lentil, pea, flax, fig and almond— all of 
which are potentially domesticable m their present forms, or have potential factors 
for hybridization All are found m a definitely wild state, that is, in unculdvable 
situations, so that they must be considered as indigenous and not as later introductions 
From this region. Neolithic culture diffused in a series of waves to Aegean and Levant, 
Egypt South Russia, Balkans and Danube valley, Italy, France, Spam, the British Isles 
and India Thus, the Neolithic culture which began about 7000 b c in western Asia 



Tic 86 Neouthic settument sms in south wist Asia and east Eusope (After J Bra dwood. Oriental Institute 
University of Chicago Courtesy UNESCO) 
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reached Spam about 4500 b c and the British Isles about 3000 b c By the tame the 
New Stone Age was established in Britain, Egypt and western Asia had ahead) entered 
the Bronze Age (Fig 87) Large areas in a number of regions remained backward When 
Captam Cook discovered Australia, the local population was practising Palaeolithic 
economy, and die Maoris in New Zealand were using polished stone tools Though the 
use of metals began m India about 2500 b c , still there are Neolithic survivals m the Form 
oF querns, stone mortars and pestles in large number oF village homes Same « true of 
many other parts oF the world 

Polished stone axe or celt, with its edge carefully ground, w as an important tool 
wluch enabled the Neolithic men to obtain a Foothold m the Forests In the forest clear- 
ings, these farmers started die cultivation of crops Very often, fire was used for bummg 
forests, and grams of cereals were dibbled with the aid of pointed sticks, as is still done 



Fie B7 Ntounne ctxnmo or me Ou> Wowd (Jet, A. T Ruby Courtny LTVESCO) 
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by some farmers in the hill areas of Assam Later on, stone hoes with wooden handles 
were invented Sowing of crops was largely the work of women who are credited with 
the discovery of agriculture It was only after the domestication of cattle and invention 
of the plough, which came much later, that woman was liberated from the toil of 
cultivation In most States in India, even now while ploughing is done by man, it is the 
woman who follows behind, and drops the seed in the furrows 


CULTIVATION OF PLANTS 

It is the cereals— wheat, barley, nee, millets and maize, which have contnbuted 
most to the building up of the Neolithic culture They yield nutntious food and the 
grams can be easily stored for a number of years All the cereals have ansen from wild 
grasses, and wild ancestors of a number of them are known One of the major differences 
between the cultivated forms and the wild ancestors is that in the latter, seed is shed as 
soon as it is npc, while in the former, seeds remain enclosed in their husks and can only be 
separated by threshing The cultivated forms possibly arose from a lethal mutation as a 
result of which non-shattenng varieties developed which could be harvested, threshed 
and winnowed A fascinating history of cultivated plants has been built up by the dis- 
covery of carbonized seeds and impressions on potsherds from archaeological sites Study 
of pollen has provided evidence of farming which is inferred from the occurrence of cereal 
pollen or the pollen of weeds associated with cultivation Sculptures and paintings depict- 
ing agricultural operations also provide evidence of past agriculture Other evidences 
are storage pits, pots, sickles, hoe-blades and saddle-querns 

The Old World Plants 

Wheat. Vavilov recognized 14 species of Tnticum, which fall mto three groups with 
7, 14 and 21 chromosomes respectively Among these the most ancient are 7-chromosome 
wheats comprising T aegilopotdcs, the wild einkom, and T tnonococcum, the emkom Car- 
bonized seeds of both these have been found at Jarmo Both these species have fragile 
stems, loose spikelets, and a smgle seed in each spikelet Both of them easily hybri- 
dize Wild einkom is found m Armenia and Georgia in the Soviet Union, and in 
western Iran There are no records of this wheat in India, Africa or China Einkom is 
still cultivated m hilly regions of Europe and the Middle East Its importance hes m the 
fact that it is the ancestor of all other cultivated wheats excepting emmer 

There are seven species of 14-chromosome wheats They originated by hybridization 
and chromosome doubling of 7-chromosomc emkom with a 7-chromosome wild grass 
which is still unidentified Only wild species with 14-chromosomes is the wild eramcr, 
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Fjg 83 Ancothy of coujiov wheat (After P C NUngeWorf) 


T duoecotdes, which is found m Armenia northern Palestine, Syria, Turkey, and western 
Iran The wheat found at Jarmo is of an irregular type with coarse and loose cars compar- 
able to T dicoceotdes From its original home, emmer diffused into Egypt ind Europe 
The earliest record of emmer is 4000 b c 

The 14-chromosomc wheats have tough stems and seeds which thresh free from 
their glumes and consist of 4 species durum (macaroni), pcrsicum (Persian), turguhim 
(met) and polomtum (Polish) 

The 21-chromosome wheats comprise five species and arc widely cultivated Of 
these, T acsti vttm (common), T sphacrococcum (shot) and T compactum (club) arc true bread 
wheats which comprise 90% of wheat grown today Grams of T sphacrococcum, the 
common wheat of northern and central India, found from Mobenjo-Daro arc dated 
about 2500 b c , and tins wheat seems to have been grown widely in the Indus valley 
The c\ olution of wheat is illustrated in Fig 88 

Barley. There arc two species of cultivated barley, the two-rowed (Hordcum 
dtsUchum), and the six-rowed (H hexastuhum) The wild ancestor of two-rowed barley 
is found m Palestine, Arabia, Asia Minor, Transcaucasia, Persia, and Afghanistan, and 
of die six-row cd barley m eastern Tibet The earliest find of barley is from Jarmo 
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Millets. Millets are annual w arm-weather cultivated grasses, and thru e in regions of 
low rainfall Common uulIet(P<mtcum»mlwect«n) was cultivated m India and central Asia 
in carlj tunes Sorghum was cultivated in Assyria about 700 » c Other millets like rag i 
( Eleusme coracana), etieena ( Pamcum mthacetim) and kutli (Pamcum rnrhare) have been 
cultivated since proto-histone times m India Italian millet (Set ana itahea) is a descendant 
of 5 vmdis, that grows wild m western Asia 

The region extending from Punjab to Caucasus, apart from bread wheats and 
barlej , is also the home of Asiatic cottons, small-seeded flax, onion, plum, apneot, peach, 
almond, cherry, apple, pear, grape, walnut, strawberry, etc (Fig 89) Carrot has been 
detected from Neolithic remains from Switzerland and Germany , and possibly resulted 
from the hybridization of two wold species Daunts carota and D maxima Apples eaten 
in Danube area, were the w'lld crabs It is stated that the Danubians introduced the cherry- 
plum in central Europe where the cultivated plum developed by crossing with wild 
sloe Pistachio nuts, peas and lentils have been recovered from Jarmo Oliv e was culti\ ated 
m south-eastern Spam m the Neolithic 

Flax. The Neolithic Egyptians grew flax ( Ltnum usitatisstmum) and it has also been 
discovered at Ahsbar m central Anatolia at a level dating 3000 bc It is also known 
from Navdatoli-Maheshwar (1700 B c ) in India Ltnum bietnie was cultivated by the 
Danubians, and the inhabitants of Swiss-Iahe dwellings 
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Rice. The genus Oryza to which nee belongs has 24 species, of winch 22 arc wild 
md two, O satn a and O glabemma are cultivated. All the ncc varieties of Asia, Europe, 
md America belong to O sativa, and of West Afnca to O glabemma India has 5 
wild species, of which O sativa var fatna is a common weed in Madhya Pradesh, 
Kerala and Punjab O perenms, found wild in Onssa, has a short rhizome, branched 
3oatmg stem and perennial habit In wild rices grains shatter easily and are difficult to 
larvcst It is considered that O sativa evolved from the wild nces by mutation and 
^election It is thought that nee cultivation onginated in India, Buran or Indo-CIuna 
India has 4000 vaneties of nee The earliest record of rice is from Lothal m Gujarat, 
about 2000 b c O glabemma had probably an independent origin in West Africa 

Malayan migrants introduced ncc cultivation m Indonesia m proto-histone times 
Rice was introduced in the Phihppmes by immigrants from South China in the first 
millennium b c It is they who developed the vast terrace system in the mountains of 
Phihppmes On account of its heavy yields, nee could support far denser population than 
my other cereal, and consequently population in nee lands increased at an explosive rate 

The New World Plants 

Maize The Amcncan civilization, before the advent of the white man, was based 
on the cultivation of maize Even now it is the most important crop plant in America 
and is mostly used to feed livestock and poultry It was introduced in the Old World 
after die discovery of Amcnca by Columbus in 1492 Formerly, the eastern slopes of 
Andes, where the greatest diversity of maize vaneties is found, were regarded as the 
centre of its ongrn However, the oldest specimen of maize cob has been discovered from 
Bat Cave m New Mexico State of USA which has been dated to 3600 b c by Carbon-14 
Wild maize occurred in this region smee the last Interglacial about 60,000 years ago 
According to Mangelsdorf, the cobs discov crcd at vanous levels reveal a distinct evolu- 
tionary sequence The oldest cob was hardly the size of a thumb, and there is progressive 
increase in size as we reach the upper strata Mangelsdorf regards a wild pod popcorn 
as the ancestor of maize With die passage of time, there was an increase in the size of 
the cobs as well as of plants (Fig 90 and 91) 

Other crop plants. A cave near Ocampo m Mexico has yielded \aaeties of culti- 
vated gourds, lima beans and squashes dated to about 6500 b c The Neolithic folk inha- 
biting the Clncama and Vira valleys in Peru about the middle of the third millennium B'C 
raised squashes, gourds, beans and clulhes, but maize was unknown amongst them They 
also grew cotton and used it for weaving fabrics, nets and bags 

Apart from maize, the New World contributed potato, sweet potato, cassava. 


EVOLUTION OF LIFE 


Fie 90 Evolution op the maize cos 1, Modem dent com; 2, the ancestral form of 
pod-pop com; 3, an actual prehistoric cob from La Pcrra Cave 
(After P. C Mangelsdorf) 
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tapioca, beans, tomato, chillies, pumpkin, papaya, pineapple, guava, custard apple, 
groundnut and cashewnut Its other contributions were tobacco, American cotton, and 
rubber 


DOMESTICATION OF ANIMALS 

During Ncohthic times, along with cultivation of cereals, the domestication of 
animals was also carried on Tins became possible, because habits and habitats of 
animals and plants, and their reproduction and growth came under keen observation 
Domestic animals like sheep, goats, and cattle are movable sources of food, and their 
dung is used as fertilizer Goats and cattle also supply milk The hair of sheep and goats 
can be woven mto cloth or beaten into felt The use of animals to carry loads or draw 
ploughs and vehicles is a later adaptation 

Change in climate and the advent of aridity are regarded as important factors 
favouring domestication of wild animals With the decline of food and water supplies, 
the wild animals herded hungrily round the scattered oases around which human 
settlements had already been established The close contact of wild animals with man 
paved die way for their domestication 

The time sequence m which wild animals were domesticated is as follows Firstly, 
goat and sheep, secondly, cattle and pigs, and lastly, draught and transport animals like 
die horse, the ass and the llama This is borne out by die excavations carried out m Belt 
Cave where remains of domcsticatcdshccp and goats arc found in die earliest pre-pottery 
horizon dated to first lialf of sixdi millennium, while remains of pigs and cattle arc found 
m the second half of die same millennium 

Sheep and goats. All varieties of domestic sheep have descended from dircc species 
of Oi is found wild m die mountainous regions of Asia and Europe The earliest to be 
domesticated in south-west Asia was Oi is vignct, die unal, found wild from Tibet to 
Elburz mountains Descendants of O: is musimon , die mouflon, are found in Sicily , Corsica, 
Sardinia, Cyprus, Anatolia and nordiem Inn Ous amnion, the argali, is found in 
mountainous regions of Soviet Central Asia Goat has descended from die bezoar goat of 
Afghanistan and Turkistan 

Cattle. There arc two varieties of cattle, die humped, found m India and Pakistan, 
and die bumpless found in Europe and other areas The bones of humped zebu (Ihs 
indicus), along wadi hand-made pottery and flint blades have been discovered from Rana 
Ghundai in Baluchistan about 3000 c c The zebu is also depicted on pottery discovered 
from this site No doubt, die process of domestication must have started a few centuries 
19 
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earlier. The humpless varieties are descendants of the aurochs, Bos pnnugcmis, depicted 
in Lascaux cave paintings Braidwood mentions that aurochs continued to exist in Poland 
in the eighteenth century The earliest finds of domesticated cattle, accordmg to 
Heichelheim, came from Mesolithic northern Europe and from Egypt, and later from 
the Mediterranean, the Near East and northern India 

Pigs. All domestic varieties, except the Chinese vanety, arc descendants of wild 
pig. Sits scrofa, still found m India, central Asia as far as Siberia, north Africa and Europe. 
Pigs were also domesticated in Sweden and Italy at the beginning of the Neolithic 
Accordmg to some, pig breeding originated in India and east Turkman and spread 
through the Mediterranean region to Europe The Chinese variety is said to be descen- 
dant of Sits vittatiis, found wild in south-east Asia 

Horses and camels. Remains of horses and camels have been discovered from Rana 
Ghundai along with those of zebu Bones of horses have been recovered from Neolithic 
sites m Europe and Asia 

Llama and alpaca. These were the only transport animals of theNew World Llama 
is said to be the descendant of wild guanaco of the highlands of South America, 

HOUSING 

A distinctive feature of Neolithic culture was the development of houses built of 
locally available materials Walls made of pise or sundned bricks were popular in south- 
west Asia, Africa and China The oldest known Neolithic houses are of Jericho and 
Jarmo m which both stone and pise were used The walls were lined with lime plaster, and 
floors were plastered and burnished with smooth stones The wooden door frames were 
possibly provided with skin curtains Stone and wood were used by the European farmers 
along the Mediterranean In the interior of Germany and Denmark, long houses built 
of timber, were common In most of the favoured areas, human habitations surrounded 
by cultivated fields and pastures appeared As Jacquetta Hawkes remarks, * By 4000 B c 
in the cradle land of farming, by 2000 b c in the regions of its primary diffusion, large 
tracts of land in Asia, Africa and Europe had become man-made landscapes”. 

POTTERY, BASKETRY AND CLOTHES 

Development of agriculture and production of food grams in sizable quantities 
lead to the problem of storage Pots were required not only for storage of foodgrains, but 
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also for cooking Though Jericho was occupied in die eighth millennium, the first pots 
are dated about the middle of the sixth millennium First pots were hand-made from 
clay , and the use of wheel m pottery came much later Baking of pots is of sigiuficancc 
for the beginnings of science As Gordon Childc obsen es, ' It is the earliest conscious 
utilization by man of a chemical change” The use of pottery extended the range of 
cooking operations and improved the diet of man 

Basketry was first developed in Iraq Iran, Palestine and Egypt Coiled basketry 
was popular in Egypt Weaving was made possible by abundant supplies of flax and wool 
Flax was the material used for textiles in early Neolithic times in Egypt, Asia, and Europe 
According to Jacquetta Hawkes, the Danubians, the windmill people of England and 
the first Scandinavian settlers liad no textile garments, but relied entirely on skins and 
furs Spinning and weaving, and making of pots is again credited to women 

Invention of weaving had deeper implication As Bernal observes, ' Weaving is 
clearly a further adaptation of basket-making and both of them involve regularities, 
first of all actually practised and then thought about, which arc at the basis of geometry 
and arithmetic The forms of patterns produced in weaving and the number of threads 
involved in producing them are essentially of a geometrical nature, leading to a deeper 
understanding of the relations between form and number ” 

Saddle-querns were used for grinding gram Possibly parched grams were used* 
and the grinding operation may not have been so arduous Techniques of baking and 
brewmg also developed 

Whyte thus sums up the achievements of die Ncoliduc culture “The whole social 
life of man was revolutionized by conscious planting of edible grasses and berries, and 
animal breeding increasing food sources such as meat, milk, eggs and hone}, the range 
of clothing (wool, silk, fur, leather), and of tools which in addition to flint, could be 
made of horn, bone or feathers These commodities, like number of heads of cattle, 
created new economic capital " 


NEOLITHIC CULTURE OF INDIA 

While Punjab, Sind, and parts of Rajasthan and Gujarat w ere m an advanced state 
of civilization about 2500 b c , die rest of India was still in the early Neolithic stage 
Neolithic sites in India fall m fou groups— northern in Kashmir, soudicm comprising 
Andhra and Kamatak, eastern embracing Assam, Bihar and Orissa, and the fourdi 
group comprising central and western India with sites in Chambal \ alley (Nagda) and 
Narmada \ alley (Maheshuar) 
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The most interesting discovery of Ncolithtc culture dating to about 2000 b c has 
been made from Burzahom in Kashmir valley The Kashmiris of Burzahom lived in 
circular pits which were provided with landing steps The presence of post holes indicates 
that some type of roofing was provided Tools consisted of polished stone axes of various 
kinds (Pi 92) Apart from stone tools, hone tools comprising harpoons, needtes, and 
chisels were also used A crop cutting instrument, the like of which lias been known 
from China, indicates that cultivation was practised here No direct evidence of cereals 
grown by the Neolithic Kashmiris has come forth, but seeds of weeds, like Litliospermuiii 
arvense, species of Tnfohum , Lotus conuculatus and other species of Lotus, Mcdtcago denti- 
culate and M falcate, and species o£lpontoea and Euphorbia have been recovered (Pi 93) 
Most of these are weeds occurring m cultivated fields, dry pastures and waste lands, and 
are usually associated with cultivation of wheat and barley Recent “pollen analytical” 
investigations earned out in the Haigam lake, not far away from this site, reveal that the 
origin of cultivation in the valley started within the blue pine forests which were cleared 
by the Neolithic man The climate was much cooler than at present Subsequent clearances 
were confined to the broad-leaved forests of oaks and alders which had replaced the 
conifers The cultivation was of a shifting type 

Southern Neolithic culture was characterized by burnished grey pottery, polished 
stone axes and um-bunals The excavations at Utnur in Andhra Pradesh have shown that 
the so-called ash-mounds were in all likelihood cattle pens This site has been dated 2000 
b c The people kept humped zebu cattle Excavations at Nevasa by Sankaha have shown 
that Nevasians lived m shallow pits which were roofed with reeds resting on wooden posts 
Raichur and Bellary districts are looked upon as the original home of the Neolithic 
cultures in south-east India The region is studded with bare granite hills with huge 
boulders scattered on the plains About 2000 b c , pastoral-cum-agncultural people 
lived here and manufactured hand-made pottery on turn table From Takkalkota, a 
site m this region, carbonized seeds of LuUht, Dohchos btflorus, have been discovered (Pi 93) 
The kttltht is cultivated today in the Kamatic and Deccan on poor soils as a fodder crop 
From Hallur, another Neolithic site m the Kamatak, carbonized millet and fruits of 
teak and jujube (her) have been recovered The millet has been identified as ragi, Elcusiiie 
coracana It is believed to be the cultivated form ofE mdica, a wild species found in India 
Teak (Tectonagrandis) does not occur today in this region but is present in die adjacent 
area It usually occurs in fairly moist and warm climate m regions of high rainfall, up to 
500 cm, along the west coast It appears that the granite lulls during Neolithic times were 
wooded with teak and the climate was not so dry as today. 

From the north-cast part of India m Orissa, rice has been discovered from Baidipur, 
a recently excavated Neolithic site (Pi 93) 



Coi rtcsy Arc t anf rt al S rvey of Ind j 


NEOLITHIC POLISHED STONE IMPLEMENTS FROM BURZAHOM, KASHMIR VALLEY, 2000 U C 



After t'ishim Ahtlre 


SEEDS FROM THE NEOEYTH1C OE INDIA 

1, Eltusine coracana (carbonized) from Hillur in Kamatak 2 A 3 Dohchos b flor is (carbonized) from Takkalkota, Karrnuk 
3, enlarged to show hilum scar 4 (a b A c), nee husks from Baidjpur, Onssa,5 to 13 seeds from Burzahom Kashmir 
5, MeJttago ienucuiata, 6 Lotus 7 A. 8 Trifohiim spp 9, Afe dicaftt falcate 10 Ipemeca sp , 1 1 A. 13. unidentified 

12 (a A b), Uthespermum an otse 
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Thus, during die Neolithic, millet and nee were cultivated m India and indirect 
evidence of wheat and barley from Kashmir is also there The occurrence of seeds of 
several weeds and fodder crops in the settlement sites, probably also suggests dieir use 
as food b) the Neolithic folk 

When one compares Burahom and odier Neolithic sites in India with Clialcohthic 
sites of Sind, Punjab, Rajasthan and Gujarat, one cannot help remarking that these were 
backwaters which continued to preserve techniques which lud long been superseded m 
die area which came under the influence of Harappan culture much earlier Tins also 
explains the anomalous position of Neolithic cultures in India which, unlike those of 
other countries, arc younger or contemporary with the Bronze Age cultures 



CHAPTER TWENTYFOUR 


THE QUATERNARY PERIOD— VIII 
THE CHAICOLTTHIC CULTURE 
The Bronze Age 


The term CnALCOLrmrc is applied to communities using stone implements along with 
those of copper or bronze. In more advanced communities, the proportion of copper and 
bronze implements is higher than that of stone implements. The Chalcolithic revolu- 
tion, like the Neolithic, was the climax of a long process. It was the ultimate result of 
what Gordon Childe calls “The Second Revolution between 6000 and 3000 b.c. which 
transformed tiny villages of self-sufficing farmers into populous cities, nourished by 
secondary industries and foreign trade, and regularly organized as States. The scene of 
this drama lies in the belt of countries between the Nile and the Ganges. During this 
period, man has learnt to harness the force of oxen and winds, he invents the plough, the 
wheeled cart, and the sailing boat, he discovers the chemical processes involved in smelt- 
wg copper ores and the physical properties of metals, and he begins to work out an accurate 
solar calendar.” 


SUMERIAN CIVILIZATION IN MESOPOTAMIA AND EGYPT 
Mesopotamia 

The Chalcolithic revolution began in Mesopotamia in the fourth millennium B C. 
Soon after, it spread to Egypt and subsequently to the Indus valley. The valleys of Tigris 
and Euphrates have a fertile soil The Sumerians who settled in the deltas of these rivers 
had just emerged from the Neolithic stage of culture. They had splendid pottery and 
earned on cultivation with flint hoes. Their capital was Ur which was subsequently des- 
troyed by flood. To the north of Sumer was Akkad which included the Neolithic Sates of 
Jarmo and Hassuna which saw the birth of agn culture. By 3000 b.c. Sumerian civili- 
zation was fully developed, and about 2385 B c., king Sargon of Akkad conquered Sumer 
and unified the country. 

Copper is not found in Mesopotamia and it was imported from Oman on the 
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Persian gulf So.it was with imported copper that the Sumenans worked and the) became 
masters of the technique of bronze-manufacture 

One of the major events of the Bronze Age was the shifting of primitive wheat 
varieties from the mountains to the plains Helback believes that one result of this forced 
movement of primitive cereals, beyond their natural habitat by the human agency, may 
have been the emergence of new plants With the use of bullock-drawn plough, the 
rich alluvial soil started yielding bumper crops of wheat Horticulture was concentrated 
around the urban centres The pnestly hierarchy, with the concentration of surpluses 
in their hands, started building monumental temples, which dominated the economic 
life. It was also the beginning of warfare with emphasis on fortification for die urban 
centres There was expansion of handicraft production which led to development of 
trade 

Mesopotamia and the adjacent lands arc favourably situated among the three of the 
centres of ongui of cultivated plants, viz Near Eastern, Mediterranean and Central 
Asiatic (Fig 89) The Central Asiatic is the native home of wheat, peas, beans, lentils, 
gram and cotton 

Whyte thus sums up the contribution made by the Near Eastern and the Mediterra- 
nean centres to cultivated plants of the Old World “The world’s potential sources of 
western orchard fruits are concentrated in the Near East, die native home of the grape, 
pear, cherry, pomegranate, walnut, quince, almond, apricot and fig The first orchards 
were undoubtedly located in the Near East In Soviet Georgia and Armenia one may still 
observe all phases of the evolution of fruit growing from wild groves consisting almost 
wholly of wild fruit trees through transitional methods to those approaching modem 
fruit growing, including the grafting of the better wild varieties on the less valuable wild 
forms Here also one may see that primitive man, while clearing aw ay forests to make 
room for gram fields, has left standing the better specimens of wild apple, pear and chcrr) 
It appears that wticuhural methods and all the more important grape varieties have been 
acquired from the Near East, where one can still find wild forms quite suitable for culture 
m vmeyards In Mcdicago, Pyrus and Amygdalus species formation has been active and is 
still occurring Natural polyploidy has been discovered among wheats and numerous 
species of wild plants, particularly in alpine and subalpme zones From Turkc), Iran 
and Soviet Central Asia has come the world’s wealth of melons, and the leading forage 
crops, lucerne, Persian clover, a number ofspeaes oCOnobryehis, Tngonclla and vetch ’ 

In the cultivated plants of the Mediterranean centre, one can easily trace the 
important role pla)cd by man in selecting the most smtablc forms, the Mediterranean 
forms of flax, baric), beans (Firm) and chickpea arc notable for their large seeds and 
fruits in contrast to the small-seeded forms of central Asia, their basic centre of origin. 
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Sowing of seed by dibbling with pointed stick gave place to hand furrowing 
Woolley mentions that the settlements of AfUbud people m Euphrates valley arc marked 
by the vast numbers of heavy flint hoes which litter the sites Invention of the plough, 
which was at first only a forked branch of a tree, brought about improvement m 
cultivation by field tillage Though it is not possible to credit any particular country 
with its invention, plough was m use m Mesopotamia before 3000 u c The Sumerian 
plough had a tube attachment through which seed could be dropped This is the earliest 
seed drill known Copper was as yet expensive, and hence, denticulated flint sickle blades 
were in common use up to the middle of die third millennium b c 

Wheeled cart. Apart from the plough, wheeled can was mother proud possession 
of the Harappan civilization Children’s toys include some wheeled carts, which indicate 
that they were in use in ordinary life Bernal states that bullock can combined two 
critically important ideas — the use of animal power and the wheel, and the first develop- 
ment of the wheeled cart seems to have been by the Sumerians, possibly before they 
came to Mesopotamia “These inventions were to have enormous material and scientific 
consequences The cart and the plough between them enabled agriculture to be spread 
over all open plains and so far bey ond the limits of the old civihzanons The increased 
possibilities and speed of transport by cart and even more by ship, together with the 
need to know the sources of valuable materials, led to deliberate exploration and to the 
beginnings of geography ” 


Decline of Sumerian Civilization 

Irrigated agriculture with the use of canals has its own problems What is considered 
a boon in early stages becomes a curse in due course The cause of decline of Sumerian 
civilization, according to Whyte, was ssbnity and water-logging After 1000 to 1500 
y cars of irrigation, serious salinity problems developed By 1700 B c wheat had completely 
disappeared ui the south, and barley which is more salt-resistant sums cd but gave lower 
peJds Jr was Joss of command over environment observes Toynbee which Jed to the 
breakdown of the civilization of Tigris Basin. 

Contribution of Mesopotamia and Egypt to Human Culture 

The contribution made by the civilization of Mesopotamia and Egypt to human 
culture is thus summed up by Woolley “Political entities of unprecedented complexity 
arose, occupations became specialized, involving divisions of class, trade was organized, 
writing was invented, monumental architecture expressed the symbolic significance of 
public buildings and representational art tended to replace the largely decorative art of 
Neolithic times’ 
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where most of the dominant genes of these plants are concentrated “The w estem dispersal 
of vine, olive, fig, stone fruits, bread wheat, nee, ornamental and shade trees was 
apparently partly or wholly due to the spread of Greek and Roman civilizations To this 
the Arabs added the sugarcane, date palm, cotton, some types of atnis, lucerne and other 
plants The grapevine and lucerne also went eastwards into China and are clearl) attributed 
to Chang Chi’ien about 140 Be" 

Egypt 

The main elements in the population of Egypt were the Libyans who came from 
die North, and the Semites who came from Palestine The Semites brought with them 
flocks of sheep and techniques of making pottery and stone vases, and elementary 
knowledge of metals It is they who ushered the Chalcohthic phase in the southern 
countries It is through them that the civilization of Mesopotamia reached Egypt In the 
proto-dynastic age, irrigation of fields by canals had been introduced, and towns with 
temples had been founded River transport by means of boats, propelled by paddles by 
batches of men, developed This w as follow ed by the use of the sad, thus harnessing pow er 
of the wind in the service of man A system of writing had developed and Egypnan art 
had acquired its peculiar idiom 

The City. The origin of the aty is one of the mam achievements of the Meso- 
potamian, Egyptian, and Harappan civilizations The nse of the aty meant a new social 
organization, as well as origin of town planning and architecture Apart from food 
producers a aty has preponderance of people who are not directly engaged in agriculture 
and are administrators, priests, traders, craftsmen and labourers Rise of a aty itself means 
improvements in the technique of agricultural production so that non-agriculturists 
could also be maintained It also meant die nse of a leisured class, the priests, who could 
think and study It is these people who watched the stars, the moon and the sun and 
thus developed astrology which is the mother of the sacnce of astronomj Already, 
by about 2700 b c , observanons of the Egyptian pnests had led to the compilation of a 
solar calendar The Mesopotamians developed the sexagesimal system and mathematical 
tables from which algebra and anth metre arose m due course 

Irrigated farming and the plough. In Chalcohthic Period, basic agncultural 
techniques, which had developed in hilly uplands, shifted to lower nver valleys The 
system of nomadic shifting cultivation gave W'ay to cereal-fallow system Irrigated farming 
was developed Flood waters were stored in reservoirs for irrigation purposes in the 
valleys of the Nile and the Euphrates, and canals were dug Hence, Chalcohthic is also 
called the age of irrigated farming 
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Sowing of seed by dibbling with pointed stick gaie place to hand furrowing 
Woolley mentions that die settlements of Al’Ubaid people in Euphrates valley are marked 
by the vast numbers of heavy flint hoes which litter the sites Invention of the plough, 
which w r as at first only a forked branch of a tree, brought about improvement in 
cultivation by field tillage. Though it is not possible to credit any particular country 
with its mvention, plough was in use in Mesopotamia before 3000 B c The Sumcnan 
plough had a tube attachment through which seed could be dropped Tins is the earliest 
seed drill known Copper was as yet expensive, and hence, denticulated flint sickle blades 
were m common use up to the middle of the third millennium b c 

Wheeled cart. Apart from the plough, wheeled cart was mother proud possession 
of the Harappan civilization Children’s toys include some wheeled carts, which indicate 
that they were in use in ordinary life Bemal states that bullock cart combined two 
critically important ideas — the use of animal power and the wheel, and the first develop- 
ment of the wheeled cart seems to have been by the Sumcnans, possibly before they 
came to Mesopotamia “These inventions were to ha\c enormous material and scientific 
consequences The cart and the plough between them enabled agriculture to be spread 
over all open plains and so far beyond the limits of the old civilizations The increased 
possibilities and speed of transport by cart and even more by ship, together with the 
need to know the sources of valuable materials, led to deliberate exploration and to the 
beginnings of geography " 

Decline of Sumcnan Civilization 

Irrigated agriculture with the use of canals has its own problems What is considered 
a boon in early stages becomes a curse in due course The cause of decline of Sumcnan 
civilization, according to Whyte, was salinity and w'atcr-logging. After 1000 to 1500 
years of irrigation, senous salinity problems developed By 1700 b c w'heat had completely 
disappeared in the south, and barley which is more salt-resistant survived but gas c lower 
Ids. Jt was Jess of command over environment ohsen-cs Toynbee which led to the 
breakdown of the civilization of Tigris Basin. 

Contribution of Mesopotamia and Egypt to Human Culture 

The contnbunon made by die civilization of Mesopotamia and Egypt to human 
culture is thus summed up by Woolley* “Political entities of unprecedented complexity 
arose, occupations became specialized, involving divisions of class, trade was organized, 
writing w*as m\ ented, monumental architecture expressed the symbolic significance of 
public buildings and representational art tended to replace the largely dccoram c art of 
Neolithic times”. 
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! r ic 92. Maps showing the spbead of fbdostouc cultuxes of Lndo-Patotan scb-covunent based on Casbon-14 
dauncs (After B B Lai, 1964) 

HARAPPAN CULTURE IN INDO-PAKISTAN SUB-CONTINENT 

In India and Pakistan, the Harappan Chalcohthic culture was preceded by a pre- 
Harappan phase centred in Baluchistan. A pre-pottery microhthic culture lias been 
discovered. 6ram Kih Gul Mohammed which, has beendated early fourth, millennium. B.C, 
(Fig 92, Kiligulm). These people lived m houses built of mud bricks. They kept sheep 
and possibly cultivated crops. At Rana Ghundai, the inhabitants of the earhest phase 
used hand-made pottery and flint blades, tended cattle and lived m huts. Lying between 
the higher inland plateau of central Asia and the low flat plains of Sind, the possibilities 
of influences from important settlements round the south-east of the Caspian Sea, Tepe 
Hissar, Anau and Namasga Tepe m Russian Turkistan, can hardly be overlooked. 

Pottery. Well-baked wheel turned pottery had already developed in Baluch hills 
about 3000 B C. Not only the technique was adopted by the Harappans, but they made 
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Rupit culture sequence shown » from sections of Nahgarh mound Rupar Punjab (India) 
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many innovations in design and form Their characteristic shapes and designs can be 
seen in Fig 93, which includes bronze implements, chert blades and some pottery re- 
covered from a Harappan mound at Rupar in Punjab, India, about 1700 u c. 

Use of metals. The occurrence of copper ore in Baluchistan, western Himala) as 
and Rajasthan accounts for the rise of Chalcohthic culture m the north-west of Indian 
sub-continent Evidence of earliest copper smelting is found among the makers of painted 
pottery In early phases copper must have been worked by hammering and cutting 
only from natural metal or from metal smelted from ore "While copper and bronze 
axes, daggers and spears were in use, chert blades which were provided with bandies 
continued to be used by the Harappans on account of their cheapness and abundance 
(Pi 94) On account of scarcity of metal, the use of copper was restricted to \\ eapons, 
tools for city craftsmen, and for ornaments for women The major technical advance 
of the Harappan culture, no doubt, was the use of metals, particularly that of copper 
and its alloy bronze 

The major sites of Harappan culture are Harappa m west Punjab and Mohcnjo-Daro 
in Sind, both in Pakistan, and two minor settlements, Kotla Nihang near Chandigarh 
m Punjab (India) and Rangpur m Gujarat Recently, a number of sites of Harappan 
culture have been discovered in north-western India, of which four are important, viz 
Rupar m Punjab, Kalibangan in Rajasthan, Lothal in Gujarat, and Alamgirpur in Meerut 
district of Uttar Pradesh Lothal was a port town with a dockyard built of kiln-burnt 
bncks 

Cities of Harappa and Mohcnjo-Daro. Harappa and Mohenjo-Daro were large 
cities with systematic town planning They were protected by citadels, and were planned 
in rectangular blocks separated by broad mam streets (Pi 95) The houses were built of 
kihi-fired bncks, and some were two-store) ed They had three to four living rooms 
and were provided with a bath, a kitchen and a well Drainage system consisted of 
kiln-fired ring wells 

T\vc cttar&d aft, Mefcenya-D'iKW V&i sswraW toweK turn 1 -, hsscV. kwy.de. dwt cftidd 
was a public bath, cloak-rooms, a square-pillared hall for public gatherings and a large 
granary. 

The Harappans had reached a high state of culture They wore cotton garments, 
and used ivory combs and copper mirrors Women wore a variety of ornaments of 
bronze and gold They used knife blades, saws, sickles, spears, axes, arrow-heads, and 
daggers of bronze Bullock carts with solid wheels were used for transport They had 
weights of chert, steatite and chalcedony. These articles were no doubt produced by 
skilled craftsmen — coppersmiths, carpenters, jewellers, goldsmiths, stone-cutters and 
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potters There was a system of writing from right to left, and there must ha\c been a 
class of clerks A system of trade with the adjoining countries must have de\ eloped, 
as most of the commodities including metals, timber and precious stones were imported 
There is little doubt that the idea of literate urban civilization reached the Indus \allc) 
from the earlier civilization of Mesopotamia, a country which liad trade links with north 
India This view is, how ever, further strengthened by the composition of the population of 
Mohenjo-Daro as revealed by the examination of skulls About 50 per cent of skulls arc 
of dolichocephalic Mediterranean-*) pc similar to those of Al'Ubaid in Sumer, and the 
remaining belong to the Proto-Australoid group which represents the t>pc comprising 
the main element in the aboriginal population of central and south India 


Animals. The Hanppan culture is represented by an art, depicting contempo- 
rary wild and domesticated animals whose actual remains in the form of bones 
have also been recovered from the cxcavanons The inference from the fauna is that the 
climate was more humid It provided an environment for the rhinoceros ngcr, water- 
buffalo, sambhar and elephant to thrive, none of which now exists in wild form in 
the region Domestic animals include humped bull (Bos m chats), Indian buffalo (Bubahts 
bubals), goat (Copra Ittrats), sheep (Outs orientals), pig ( Susscrofa crista (its), one-humped 
Indian camel (Camclus drotitedamts), ass (Eqttus asttnts), and at least two t)pes of dog, one 
referable to the modem pariah dog. Cants tenggeranns harappetus, probably a derivative 
of some medium size wolf from the west, and the other a mastiff type The cat from 
Hanppa ( Felts ocrcata domcsUca) resembles the common European domestic cat in 
appearance The elephant was probably domesticated by the Harappans and figures 
prominently in seals Apart from wheat, the Harappans ate fish, fowl, mutton, beef 
and pork 

Crops. Tire Hsrjppsns cukivefed bread-wheat (T.rJ.'/.v.w and X 

coccum , barley (Hordetim udgarc and H hexasttehum), sesame, peas, melons, bananas, date 
palm, and species of Brasstca Cotton was an important crop and the centre of origin 
of Goisypumi arboretttn lies in the Indus valley 

Both rice and wheat have been found m several Chalcohtluc sites in India Rice 
Ins been recorded from Aliar in Rajasthan and Navdatoh in Madhya Pradesh Sorghum 
has been recorded from Ahar, and pea (Pisum mettsc) from Madhya Pradesh (Pi 96) 
Carbonized seeds of (Phaseohts aureus), Urd ( Phascolus tnungo), lentil (Letts 

admans) and bean (Dohchos labial) have been disco\crcd from Na\datoh Seeds and 
fruits of Jujube, hnsccd and myrobalan have also been found at this site 
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Increase in population. Grahame Clark estimates the upper Palaeolithic population 
of England and Wales as 250 human beings. 4500 in Mesolithic, 20,000 in the Neolithic, 
and about 40,000 in. second millennium bC during the Bronze Age No estimates are 
available for India, but there is no doubt that in the Harappan area, the new techniques 
of plough cultivation and irrigated farming led to a large increase in population 
Kosambi estimates that most efficient hunting and fool gathering can hardly support 
one person per square kilometre, pastoral life three, but agriculture about a 
hundred 

Decline of the Harappan Culture 

According to Wheeler, one of the major factors of the decline and fall of the 
Harappan culture was widespread deforestation of the surrounding region to meet 
the demands of firewood for hakim* millions of bncks used for the building of the 
city of Mohenjo-Daro Large scale use of wood for baking of pottery, smelting 
of metals and as domestic fuel further depleted the forests Building of houses and ships 
also made demands on the forest reserves Clearing of land for cultivation and grazing 
by domestic animals were other biotic factors which led to the destruction of vegetation 
It is thus that man pays the price of cultural advance and civilization Eastward shift of the 
edge of the south-western monsoon has been suggested by Piggott as the cause of increas- 
ing aridity The final blow was in all likelihood delivered by the energetic Aryan nomads 
who massacred the inhabitants On the topmost level of the city remains, skeletons of 
men, women and children, bearing axe or sword cuts, have been discovered Though 
the Harappan cities were destroyed by the invaders, the achievements of Harappan 
culture, viz use of copper and bronze, pottery, the plough, the bullock cart, and irrigated 
farming were adopted by the Aryans 

Chalcolithic Sites in South India 

MicrolithiC blades of chalcedony and Jigate, flat axes, fish hooks, pins, and rings of 
copper and a distinctive black and red pottery have been discovered from Navdatoh 
Apart from agriculture and stock raising, fishing was also practised. The upper Godavari 
or Deccan Chalcolithic culture is characterized by matt-surfaced black and red pottery, 
polished stones, axes and pot burials 

North Deccan Chalcolithic culture is represented at Nasik, Nevasa, Jorwe, etc 
in Maharashtra It had contact with the southern Neolithic culture of Maski Piklihal, 
Utnur, Nagaq unakonda of the Krishna Basin in Andhra Pradesh, since there are evidences 
of occasional polished stone axes and the practice of um-bunals The earliest known 
record of silk in Indo-Pakistan is from a burial at Nevasa 
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SHEDS FROM CHALCOLITHIC SITES OF INDIA 

1, Spikrleti of nee in the matrix of a pot shred from Ahar, Rajaithan, 2 & 3, Sorghum in the matrix 
of potihredi from Ahar , 4, carbonized rice from Madhya Pradesh, 5, carbonized jeedi of Piium 
arveme from Madhya Pradesh 
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COPPER WEAPONS AND TOOLS FROM A HOARD DISCOVERED AT BAHADURABAD NEAR 
ROORKEE, UTTAR PRADESH (INDIA) THESE ARE ABOUT 1000 B C OLD 




THE QUATERNARY PERIOD— VIII 


303 


THE ARYANS 

The Aryans originated in South Russia in the area adjoining the Caspian. About 
1800-1600 b.c., they left their homeland and dispersed cast and west m large hordes. 
It is believed that they left their ancestral land as a result of prolonged drought and 
famine. A large group known as Kassito penetrated into Akkad, and m due course, 
became rulers of Babylon in 1746 b.c. One horde occupied northern Iran, another, the 
Mittanis, conquered Asia Minor where they introduced horse-breeding. The third 
horde entered India through Afghanistan and Baluchistan and overwhelmed the 
Harappans (Fig. 94). 



Fig 94. Movements or the Middle-Eastern peoples dumnc the Bronze Ace (Courtesy UNESCO) 


The Aryans were users of bronze, and their favourite crop was barley which still 
plays a part in Hindu rituals, though no longer an important crop for human consump- 
tion. They were mainly pastoral and kept herds of cattle, sheep and goats. Apart from 
barley, beef, pork and mutton were eaten. Milk and milk products were also consumed. 

The Aryans owed their success mainly to their favourite animal, hone. Yoked to 
a light two-wheeled chariot, it provided them with a vehicle of war, which was fast and 
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easily manoeuvrable Its bones have been discovered from Sialk in Iran (4000 b c), 
which indicates the period around which it was domesticated 

Ox-drawn four-wheeled carts were used for farming and transport Fields were 
ploughed with heavy wooden ploughs drawn by teams of six to twentyfour 
bullocks 

Rig Veda, which according to Max Muller was composed 1500-1400 b c , indicates 
that the houses of the Aryans were built of wood or reeds and cotton cloth and deer 
skin was used by them for clothing It was a patriarchal society divided mto three 
classes warriors, priests and cultivators and artisans These classes crystallized mto castes 
in due course 

The Aryan conquest of the Harappan towns is indicated by references in Rig Veda 
to their god Indra who is described as the destro) er of fortresses From the fusion of the 
Harappan and Aryan cultures arose the Hindu civilization 

We may also refer to copper hoards discovered from about 34 sites m Uttar Pradesh 
and Onssa Singhbhum m southern Bihar is regarded as the likely source of copper for 
these sites A famous hoard discovered from Bahadurabad near Roorkee contained a 
sword axes, chisels and rmgs of copper (Pi 97) They arc ascribed to the Aryans by 
some, while others regard them as products of communities of hunters and fishers who 
practised some type of primitive agriculture There are still others who regard them as 
the work of refugees from Harappan towns after their destruction by the Aryans Very 
likely, there was indigenous local development of copper craftsmanship in the Ganga- 
Yamuna basm and in Onssa because of the existence of ancient copper mines in the 
Himalayan region north of Uttar Pradesh and in the Bihar-Onssa border areas 

It took the Aryans about 500 years to conquer Afghanistan, Sind and Punjab 
It was about 1000 B c that they penetrated the area now known as Uttar Pradesh 
and Bihar Painted grey ware discovered from a number of sites is dated 1000 to 700 b c 
At Rupar, it overlies Harappan pottery and bronze implements Pamtcd grej ware 
has also been recorded from the Purana Qila of Delhi Hastinapur in Meerut, and 
Ahichchhatra in Bareilly district of Uttar Pradesh and from a number of sites 
in Punjab It is commonly associated with the Aryans The painted-grey-ware people 
lived m wattle and daub houses and earned on agriculture They used only copper m 
the beginning and later iron as well Culturally, the copper hoards, the painted grey 
ware and the northern black polished ware represent the cultural sequence m post- 
Harappan period in the Ganges plains At Rupar, the northern black polished ware 
overlies the painted grey ware (Fig 93) 

The northern black polished ware has a lustrous black surface, it is thin and well- 
fired, giving a metallic sound on being gently Struck with a hammer The main sites of 
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this type of pottery are m northern India, but it has also been found in Maharashtra, 
Madhya Pradesh, Orissa and Andhra Pradesh 

BRONZE AGE IN CHINA 

According to Chinese traditions, Chma was ruled by Hsu dynasty from 2205 
to 1765 d c From 1765 b c , it came under the sway of Shang dynasty who ruled 
the northern provinces of Hopei, Shantung Anhwei, Shansi, Shensi and Honan Ex- 
cavations of Anyang graves prove that the technique of bronze casting had attained an 
excellence not seen elsewhere Stone carving and wood working were fully developed 
System of writing by pictograms had also taken shape The capital was the great city 
Shang It was a walled city enclosing houses constructed of wood for the upper classes, 
and the pit-dwellings for the lower classes 

It was a powerful state, and chariots of bronze drawn by two to four horses were 
in use Soldiers wore bronze helmets and body armourand carried bronze-headed dagger- 
axes and bows 

The Shang Chinese had domesticated the cattle, horse, sheep and dog Elephants 
and rlunoceroses were kept m parks They had also domesticated the jungle fowl, and 
hens were kept for egg-laying 

The character of Shang civilization is essentially Chinese and some scholars believe 
that it developed independently According to some, knowledge of metallurgy reached 
Chma before the Shangs about 2200 b c , from West Asia 

ADVANCES IN THE BRONZE AGE 

The Bronze Age marks an important milestone m the progress of humanity Irrigated 
farming developed with the aid of canals and dams Cotton was grown m the Indus 
valley and flax m Egypt for the manufacture of clothes Silkworm culture -uidproduction 
of silk began in China in the Shang Period Achievements in agriculture and animal 
husbandry m the Bronze Age are summed up thus by Woolley 

“In the course of the Bronze Age the agricultural economy of the ancient world 
assumed the form which it was to retain with very little change until mediaeval if not 
until modem times By 1200 b c the peoples of the different countries had selected and 
developed the types of cereal that best suited local conditions, and since a large proportion 
of the gram was grown m artificially irrigated soil they were reasonably assured of a 
harvest, independently of the vagaries of weather, the methods and the tools used by the 
farmer would be used for another millennium at least, the only change bcuig that iron 
20 
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would soon take the place of bronze. All the domestic animals of the present day were 
already m man’s service, though the role of the horse was still but a small one, limited to 
the war chariot. Of tree fruits the fig, apple, pomegranate, peach and mulberry were all 
cultivated; dates were the most important product of southern Mesopotamia, where many 
varieties were grown, and were cultivated in Syria and Egypt and as far eastwards as India, 
where date-stone has been found ui the ruins of Mohenjo-Daro. The market gardeners 
produced a considerable variety of vegetables. Ur-Nammu of Ur (r. 2100 u.c.) claims that 
as a result of building a temple to Nannar ‘he saved the vegetables, in the garden plot’, 
onions were specially favoured, as were leeks, cucumbers, and melons of many sorts.” 
Wheeled carts and hone chariots were used for land transport and boats with sails 
for water transport. Roads were built. Copper and bronze casting were prefect ed. 
Bronze tools and weapons came in use. Multistorcycd buildings of pucca bricks and 
stone were constructed Wooden chans, beds and tables were invented. Glazed pottery 
was developed Beer and wines were manufactured. Among the intellectual achieve- 
ments of the Bronze Age arc development of writing, and use of weights and measures 
Solar calendar and astronomy are other notable achievements 
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Life began in the primitive ocean about two billion years ago Ultraviolet radia- 
tions, cosmic rays, electric discliargcs, and \olcanic heat acting on water, carbon 
dioxide and nitrogen produced carbohydrates and ammo acids, and the ocean water 
reached the consistency of a hot diluted soup From the carbohydrates and amino acids 
arose the DNA molecules, which in their turn produced RNA molecules Thus arose 
life A variety of unicellular organisms, the bacteria, protozoa, and green algae c\olvcd 

Before proceeding further with the account of the evolution of animal life, we 
give a summary of the evolution of plants The early period was the age of marine algae, 
blue-green, brown, red and green It is from the green algae that liverworts arose probably 
from humble ancestors like FritschtcHa tndtea, i terrestrial form which grows on wet 
soil In the Devonian arose the first land plants, the Psilophy talcs The most probable 
known progenitors of the seed plants, the Ancurophy talcs represented by Arehaeoptens, 
also appeared about this tune From then onwards the sporophy tc becomes dominant, 
and the gametophyte is progressively reduced Giant lycopods like bepidodendron and 
Siqillana, horsetails, Cordaitalcs and Ptendosperms, the seed ferns became prominent 
m die Carboniferous and the Permian Cycads, Ginkgocs, and other gymnospenns were 
the dominant plants m die Jurassic The Cretaceous was die age of Angiospcrms The 
flower-insect partnership began in this period and evolution of butterflies, moths and 
honey-bees proceeded side by side with the cv olution of {lowering plants, the form 
md colour of flowers, and their scent, honey and pollen From then onwards flowering 
plants bcaiae prominent, and plants j wife yellow catkins or green cones had an humble 
role The herbaceous nionocots are probably die latest amvals The evolution of hoofed 
animals goes on side by side with the grasses The grasses provided fodder for the wild 
hones and cattle, and in due course, they provided cereals like wheat, nee, maize and 
millets, the staple food of man Fig 95 illustrates die major steps m the evolution of 
plants 

Resuming the account of evolution of animals, we commence with coclcntcratcs, 
which populated the ocean floors m the early period. Development of moudi and a special 
digestive cavity were their major achievements From the polyps evolved die worms, 
and from die worms arose the primitive chordates like lancelets from dicsr primitive 
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chordatcs arose a varietyof fishes The marked uniformity in the proportions of constituent 
salts both m the sea water and in. the blood of vertebrates indicates their manne ongut 
Amphibia evolved from fishes by the development of legs and invaded the land, from 
the Amphibia evolved the reptiles with shelled egg which conquered the Jind and were 
the dominant animals for millions of years Then came the thenodonts who provide 
a link between reptiles and mammals Then arose the primitive mammals in an humble 
way They laid eggs like reptiles and had milk glands on the bell) from which milk 
oozed which was licked by their young ones They were warm blooded, unlike the 
reptiles Then arose the marsupials, whose young ones are not placental, ic connected 
with the mother by a membrane or placenta permitting absorption of nutriment In 
marsupials the teats arc in a pouch ui the skin of the belly, and soon after birth the young 
arc placed there Then evolved the mammals with placenta, the extinct lemurs from 
which arose the monkey's apes, hommids and man in due course The evolution of 
animal life through the ages from the primitive protoplasm to the present day man is 
shown in Fig 96 

Recapitulation 

Thus, we see man is part of an unbroken stream oflifc Even in lus own life time 
man rehearses the history of animal life As Haeckel states m his biogenctic law, ontogeny 
repeats phylogeny, which means that the life history of the indn idual giv es a brief resume 
of the evolutionary history of the species Man starts as a single cell, formed by the fertiliza- 
tion of the ovum by the sperm, which reminds us of protozoa Then he becomes a morula 
like Pandemia The morula becomes a blasrula or a hollow ball like Volt ox Hie ball is 
turned upon itself iq form a gastrula or doublc-wralled cup Gradually, the embryo 
assumes chordatc characters, viz a notochord, hollow nervous system and four gill-slits 
At this stage the embryos of man, rabbit, sheep, pig, chick, tortoise, salamander 
and fish arc so alike that it is easy to mistake one for the other (Fig 97) The heart m all 
these embryos is a single senes of pumping chambers as in fish The whofc arrangement 
of blood vessels and nerves and their relation to the clefts is piscine These facts led to 
the general law that animals resembled each other more and more the farther back we 
pursued them m development 

In some eases in human beings the gilf-shts fail to close so that openings remain on 
the sides of the neck The first gill-slit persists and forms the custachian tube connecting 
the inner car with the throat The car is m fact developed from the first gill-sht The 
tail, well developed m the embryo, is free, movable and has muscles for wagging it. 

A clothing oflong dark hair called ‘lanugo’ covers the entire body of the embryo except 
the palms and soles up to the sixth month Babies bom prematurely in the sixth month 
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Fig. 96 Evolution of animals (After Wells, Huxley and Wells The Sarnie of Life, 1931. 
Cassell A- Co Ltd, London) 
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Fish SiUnunder Tortoise Ctkk Pit ^hetp RilUt M»a 

Fic 97 Stack in the DEvn.opj.tENT or EMBRYOS nOH ran to man Note the pretence of uil and gill tl tt w the human 
embryo (After B C Crurnberg TUr S:ery cf Evolutun 1929) 


arc hairy and arc referred to as bijoos The Jiairy covering disappears before birth In some 
cases it persists, and the Russian 'dog-man’ Adrian ]cfuchjc\v isa classical example of this 
type (Hg 98) In fact, there are a large number of men m the Aryan race who arc hirsute. 
Hairiness increases with age in most men 

Vestigial Structures in Man 

We have traced the evolution of animai life from amoeba to man The human 
body bears traces of the past, and is a museum of relics According to Wicdcrshcim 
there are 180 vestigial structures in man that have lost their functions as a result of evolu- 
tionary changes The vermiform appendix is a digestive organ m herbivorous mammals, 
while in man it is useless, and even a source of trouble In kangaroo it is \ cry large, and 
in the human foetus it is longer than in the adult. The ‘Darwinian point* to the human 
ear is the reduced ear tip. Ear muscles in man are funcnonlcss, though in some cases, men 
can move their ears like animals The ‘plica semilunaris*, a crcscentTcfoldofmcmbnnc 
in the inner comer of the eje is a remnant of the third eyelid. The direction of hair on 
the human body is very apc-likc. The hair upon the arms run from shoulder to elbow, 
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Ftc 93 The Russia** 'doc man * Addas Juiiuijew, showinc atavcttic deyeiofment of hair 
(After Wiedcoheun) 

and from wnst to elbow. Orangs when they want to protect themselves from ram sit 
with hands clasped above the head with elbows pointing downwards, and this helps 
m draining off ram water. Human child in its early stages is capable of supporting its 
weight from a branch for over two minutes. In such a posture the attitude of the lower 
limbs and feet is very simian or ape-like The tail has disappeared in adult man, but in 
some abnormal cases it persists 

Evolution of Human Organs 

Most of the organs of man, both internal and external, show a high degree of per- 
fccnon and specialization, developed during the course of evolution. Take for example, 
the human hand The hand m Tarsttts is prehensile and mobile, hut ill-developed. In 
anthropoid apes, orangutan, chimpanzee, gibbon, and gorilla it shows considerable 
development. The apes having lost their tails like man, swing themselves along by their 
arms when moving in the branches of trees. This is known as bracluation, and this 
development leads to the broadening and flattening of the chest, and greater develop- 
ment of hands, and their sensitivity to the shapes of objects. It is, however, the hand 
of man which, shows greatest perfection (Pi. 98). The thumb is opposable, i e. it can be 
placed opposite each finger. A variety of movements is possible. This led to the 
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manufacture of tools and implements which arc really ntjJjzcd as extension of the 
hand, and its powers of grasping and manipulation 

As compared with die foot of the anthropoid apes the human foot show s specialization 
for running The major changes arc the development of the shock-absorbing arch, the 
axis of thd foot running through digit one, which becomes the great toe, and the 
others dimmish in size and length 

The evolution of the skeleton from fish to man and the upright posture m man 
is illustrated in PI 99 The earliest vertebrates Jived exclusively m water and swam 
by undulating the body The fins were projections of the skin and body-wall that 
served chiefly as rudders and balancers Gradually, m the swamp-living, air-breathing 
fishes, the pectoral and pelvic fins were transformed first into paddles and then into 
limbs as the animals crawled out of the swamps After many ages the animals invaded 
the uplands leamuig to crawl like turtles and lizards Next they learned to raise the belly 
off the ground and run about Then they climbed up into the trees and became expert 
in running and leaping about among the brandies At first these tree dwelling animals 
ran about mostly on top of the branches Then some of their descendants adopted the 
‘suspension grasp’ as they began to swing from branch to branch The gibbon, is rather 
ovcr-specialued in tlus direction Avoiding extreme over-specialization for brachiation 
(swinging with arms), the ancestors of man came down from die trees, running perhaps 
occasionally on all fours, but more and more often erect as do the gibbons when on the 
ground From Ins pre-human anthropoid ancestors, which were related to the chimpanzee 
and the gorilla, man has inherited his ability to hold the body erect or balanced on the 
hind legs The forehmbs being relieved from their former function as locomotor organs 
were set free to serve the enlarging brain m defending the body and providing for its 
needs 

Another advance seen in man is the basm-shaped pelvis which aids m suppoumg 
the viscera while the body is in erect position In apes the pelvis has a flattened form 
In the human embryo, the pelvis is flattened, and gradually assumes the basin form as 
the time of birth approaches 

The lower jaw in man and other mammals consists of but one bone on each side, 
while m fishes, amphibia and reptiles it consists of a number of bones In the earliest 
Thcromorplia the lower jaw resembles that of reptiles In later forms, however, the 
mo hinge bones of the jaws grow smaller and are to be found in the region of the 
car In mammals and man these mo bones, called hammer and anvil, along With a third 
bone, form the middle car, and transmit the vibrations of the ear drum to cochlea, the 
organ of hearing (Fig 99) 

In the evolution of brain we notice the concentration of the nen ous matter from die 
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Fic. 99. Evolution or the loura jaw fsom hsh to man 1, Dog fish. 2, fiog, 3, lizard, 4, tneonodon mammal; 5, fossil 
chimpanzee, 6, chimpanzee. 7, Puhtcanthropus erettui, 8, Neanderthal man, 9, Heidelberg man, 10, Cro-magnon roan; 
11, Modem man 
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scattered nerve cells of coelcntcrates to the highly complex human brain, which is one 
of nature’s marvels (Fig 100) The principal functions of the nervous system, viz. recep- 
tion, conduction, correlation and elaboration of impulses arc general properties of the 
protoplasm In protozoa there are no indications of nervous differentiation In coelcntcrates 
the first nerve cells appear which exclusively serve the function of conduction of stimuli 
and thus bring tins function to a higher perfection The first appearance of brain is m 
earthworm with its cerebral ganglia, and thus the head as distinguished from the rest of 
die body appears for the first time among animals The next step is in primitive chordatcs 
like Amphtoxits A hollow nerve cord lies immediately above the notochord, and is sw ollcn 
at its anterior portion From fishes and Amphibia onwards to reptiles, v> c notice greater 
elaboration with differentiation into cerebral hemispheres, cerebellum, and optic lobes 
In mammals, cerebrum greatly exceeds the cerebellum m size In apes cerebrum greatly 
increases in size and entirely covers the cerebellum, and is convoluted. The human brain 
shows further advances, but it differs not m hind but only in degree from the brain of 
apes As Lull remarks, man’s brain as compared with ape’s brain is physical!) mere!) 
a relatively larger and more refined example of the same fundamental type The tn o 
hollow cerebral hemispheres are so large that they have become deeply folded and 
convoluted The final characteristic which lifts man above other animals including apes 
is articulate speech, whereby he communicates his thoughts to others In the evolution 
of man, it is the development of the brain which is of prime importance As Jacquetta 
Hawkes sums up, “Throughout this vast stretch of time the increase in the size and 
complexity of the neo-palhum or New Brain makes the central theme, in the fossil skulls 
which are our principal record of the human epic we see the forehead and vault rising 
their capacity swelling Here, housed within the curved bone plates of the skull, is the most 
subtle 3nd complex instrument m the world, which, at the command of the whole man 
has created the rich and varied cultures, the superb individual works of art, the inspiring 
if liner final systems of thought, that make the history of mankind 

Evolution of Man 

In man we see the culmination of animal evolution As we have ahead) stated in an 
earlier chapter, about a million )cars ago the Australopithccines had adopted an upright 
bipedal posture The) were competing with carnivorous animals and according to 
dc Beer, they “owed their survival solely to three developments the perfecting of the 
brain as an organ to control behaviour, the social organization of their populations and 
the perfecting of the hand, now freed from locomotor) functions, as an efficient mani- 
pulative organ”. To a great extent these advances arc due to paedomorphosis, uz the 
slowing down of embryonic and post-cmbiyoruc development, e.g teething, sexual 
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maturity, suturing of the bones and loss of the heavy bony brow ridges of Pithecanthropi 
Retardation m development led to an extended period of infancy m which parental 
care was necessary Tlus resulted m the establishment of the family as a stable biological 
unit, essential for survival It also provided a nucleus for social organization and ultimately 
lead to humanization Man acquired the capacity for speech about 100,000 yean ago 
This enabled him to communicate his ideas to his fellow-men and to plan and dense 
It gave him supremacy over all other animals and he made rapid progress To quote 
dc Beer again “speech allowed him to formulate ideas and to exchange and store up his 
experience which memory converted into tradition, thus forming a link between the 
past and the present From that point through the power of reasoning, man was able to 
envisage deliberate aims A proof of this is to be found in the typology of his chipped 
flint implements But this experience m concept and execution, acquired little by little, 
is altogether different from the evolutionary advances which went before, since u is not 
hereditary, but handed down in the form of instruction from one generation to another 
Education m being human or, m other words civilization is sunply this tradition in 
the literal sense of ‘handing down whereby knowledge has been passed on and built 
up, as an acquired character ’ The education-based mechanism described as psy cho-social 
evolution produces results far more quickly than docs biological cvoluuon This is a 
new mode of evolution based on education and research and on new tools, which has 
greatly accelerated progress in the material and technical planes 

We may sum up Mail evolved from anthropoid apes about a million years ago 
About 500,000 years ago he made rough tools out of stones for cutung the carcasses of 
animals and for flaying skms About 400,000 yean ago, he discovered the use of fire 
Twenty thousand years ago, he domesticated wild animals allied to foxes and wolves, 
into dogs who became his companions in hunting wild animals About ten thousand 
years ago, he domesticated wild oxen, pigs and horses and started the cultivation of 
cereals Tike wheat About this time, he also invented the plough, pottery and basket- 
making Six thousand years ago he discovered the use of bronze, employed polished 
stone implements, developed a calendar and used mirrors About three to four thousand 
years ago, he discovered the process ofsmclnng iron and manufactured iron axes which 
helped him in the clearance of forests About 400 o c he invented glass, pumps and 
astronomical instruments About 800 a d he nude gunpowder and lenses About 
1200 a d he invented the compass, and spectacles 3nd learnt to distil alcohol About 
1400 a i) he started navigation w itli the aid of maps, be invented pnnnng and fabricated 
guns 

In the sixteenth century, a great exchange of cultivated plants took place between 
the old and the new world, thus changing the crop pattern providing new cereals fruits 
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and vegetables, and enriching human diet Between 1600-1700 a d , man invented die 
telescope and the microscope which provided him with a new vision of the starry sky 
and the unseen world of microscopic plants and animals From die beginning of the 19th 
century, he made phenomenal progress The steam age began about 1800 a d when 
the steam engme was invented and textile factories were started From 1830-1850 steam- 
ships, railways and telegraph were mvented and towards the close of the 19th century 
electric light, the internal combustion engine and the automobile These ushered in the 
oil age m which fossil fuels, viz mineral oils, were commonly used In the first quarter 
of the 20th century, the aeroplane, wireless radio and fertilizers were invented This was 
followed by television In 1945 atomic fission was discovered and this ushered m the 
atomic age 

Man s greatest achievements are writing and prinnng which have enabled him to 
pass on his experiences to people separated from him in tunc and space Fast communica- 
tion through radio and high speed jet aircraft greatly accelerated the disseminauon of 
news and ideas With the development of rocketry, man pierced the mystery of space 
and will be landing on the moon m the near future These space flights have led to the 
discovery of new alloys which can withstand very high temperatures Progress that 
took millions of years to achieve was made in thousands of years, then in centuries and 
now in years Thus, man has progressed more during the past 150 years than the dinosaurs 
did during the 150 million years of their existence in the Mesozoic Era While it took 
fifty million years to alter the four toed Eohippus into the one-hoofed horse, in a gene- 
ration man has mvented the steamship, railroad and aeroplane The pace of change is 
m fact so fast that there is a great gap between material advancement and moral or 
ethical progress This gap is more evident m developed countries which have advanced 
materially, but are still on a low moral plane 

Another fact worth noting is that the rate of reproduction of man lias nsen so high 
that by 2000 a d the population of die world is expected to be 4 billions This is not a 
new phenomenon m human history We have already stated m an earlier chapter that 
every major advance m technology has been followed by a populauon explosion The 
mam challenge of the present age is how to feed, clothe and educate these vast numbers 
This will only be possible if resources which are being used m stockpiling atom bombs 
arc diverted to peaceful purposes, to the building up of modem agriculture and industry 
jn under-developed countries, improving human environment and providing educauon 
on a mass scale The goal of psycho-social evolution is a cultured and enlightened 
humanity, alert to both the truths of science and the beauty of art 
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Camels, 204, 71, 216, 235, 252, 253, 255, 256 
258, 290 
ancestors of, 72 
evolution of, 255, 256 
Indian, 301 

Cainelns drained inns, 301 
Camenmds, 202 
Campanile, 205 
Canidae, 191 

Cams tenggcriiiius harappenis, 301 
Catitia, 174 
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Cappws, 248, 249 
C<y)W, 226 
Waif, 301 
//} h'cruttts, 226 
( Ilmuragiu ) jun/wWif, 225 
Capiutoliaceae, 174, 175 
Capsian culture, 276 
Carboniferous Period, 91, 228 
age of, 91 
landscape of, 95 
rocks of, 91 
span of, 91 

Carbonized seeds, 284, 292, 93, 301, 96 
discovery of, 284 
Cardanwre, 250 
Cardtta, 207 

(Vciicncardia) beaumonti, 63, 182, 186 
CarJiUm, 203 
Gmrv, 251 
lacustns, 197 
Care) a, 196, 245 

Carnivores, 203, 207, 212, 213, 215, 216. 217, 
218,253,261 

Carnaemtes ccmpactmt, 152, 51 
laxuitt, 152, 51 
Carofia, 208 
Carpentaria, 121 
Carpmts, 195, 196, 198 
Carrington, R , 269 
Carrot, 286 

Cahyopiiyllaceae, 249, 250 

Cascade Range, 192, 225 

Cascade-Sierra Nevada mountains, 197 

Cashewnut, 289 

Cassaaa, 287 

Cassia, 198 

Cassias, 251 

Cats, 207, 216, 253, 262,301 
European domesue, 301 
Cattle, 20S, 211, 215, 258, 262. 266, 27 6, 278, 
279, 281, 239, 293, 303. 307 
Caucasus, 184, 189 
Ca\e-bcars, 274, 276 
Ca)hmvultiis, 151 

Ucht, 152 

151, 153 
i athorsti, 152 


Caytonmus, 151, 152, 157, 176 
Cedar, Algerian, 251 
Deodar, 251 
Lebanon, 251 
Ctdroxylm, 138, 155 
Cednts, 138, 175, 248, 249, 251 
deodira, 251 
Celastraceae, 175 
CnASTROpin ilaceap, 174 
CeiastrvphyUuut, 174 
Celtis, 196 
aiftrahs, 248 
Celtitcs mtltiphcatus, 45 
Ceiioroic Era, 183 
epochs of, 183 
span of, 183 
Ccntaurca 250 
Centipedes, 113 

Ccphalopods, 23, 71, 72, 73, 76, 41, 127, 12S, 
141, 142, 45, 144, 147, 53, 159, 164, 178, 
179, 63, 205 

CtPHAtOTAXACEAt, 155, 175 
Crphaht txties, 155 
Cephahpn, 76 
Cirasns, 251 
Canute', 141, 142 
uyrnct, 45 
Cer nidus, 90 
Cctaiazamia 195 
CmciDn'nYu.ACEAE, 174 
Ccrcidiphyllunt, 157, 174, 196 
urrtifiim, 194 
japomawi, 196 
Ccruhtd, 205, 242 
Ccritlumn , 159, 203 
Ctn tit, 258 
dniaucelli, 261 
pmyafneusis, 85 
Chaetophora, 78 
Chaelaptelca, 196 
Hicxieana, 196 

Chalcohthic culture, 294, 296, 293, 300 
North Deccan, 302 
upper Godavan (Deccan), 302 
Chahcothcrcs, 208 
Clidhcotherium, 209 
Chalk Bluffs flora, 196 
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Cliamaesiphoit tucmstaus , 56 
CH AMAEStPHON AliS , 56 
Changancheri, 241 
Cham, 167, 197 

ClIAROPHYTA, 198 
Chattanur, 241 
Chcctta, 286 
Clictrolepis, lo6 
Cltciropygc, 127 

Cheirostrebus petty airutsis, 99, 100 

Chelovia, 234 

Chcmogcny, 39, 40 

Chcnab nvcr, 224, 233 

Cherry, 286, 295 

Chestnut, 246 

Chick, 309, 311 

Chickpea, 295 

Childc, V G , 263, 291, 294 

ChJLa lake, 224, 239, 240 

Chilli, 287, 289 

Chimpanzees, 264 265, 266, 267, 312, 313, 

Chtnji stage, 211 

Chitral River valley, 91 

Clnttidilii plana, 24 

Chiu, H -Y , 4 

Chlaittydottmas, 59, 63 77, 78 
Chloraiithiis, 248 
Chlorclla, 78 
Chlorophyceae, 67 
ClttOROPIIYTA, 308 
Clwnctcs ( Plicoclwnctis ) <uimlata 41 
subcanccllata, 29 
Chordates, 63, 64, 87 309 
Chouhouticn culture 26S, 271 
Clinstie, W A K , 239 
Chromosomes, 46 15 
evolution of, 46, 47, 4b 
organization of, 46, 47, 48, 13 
CnEoococcAT.Es, 55 56 
Cboixcxcns, 56 
lurgidus, 56 
Ctbotiocaitlis, 151, 175 
Cicads, 226 
Cidnt*, 177 
i emeinli, 205, 207 
Cmgiilarta typica, 99 
Ciunanwmotdes, 174 


Ctimamoimtin, 175 
Circaca alpnia, 250 
Cbtaceae, 2o0 
Cistcl! i indica, 32 
Citrus, 296 
City, 296 
origin of, 296 
Civ cts, 206 

Civilization, Egyptian, 276, 297 
Greek, 296 
Harappan, 296, 297 
Hindu, 304 

Mesopotamian, 296, 297, 301 
Roman, 296 
Shang, 305 

Sumerian, 294, 29a, 297 
Tigris Basin, 297 
Chd 'phlebis, 125, 134, 150, 175 
dcnticulata, 151 
Cladothrix, 55 
314 Cladovyla, 84 

Cladoxyiaies, 86 
Cl ado xy Ion, 76 
scopartunt, 84 
Clark, } G.D , 302 
Clatbropteris mcmscoidis, 134 
Cleome, 248, 249 
Clostridium Mam, 54 
Clothes, 290, 291, 299, 30a 
Cloven hoof, 214 
Clov cr, Persian, 295 
Club-mosses, 31, 112, 308 
Cl) peastcr, 205, 207 
profiindus, 207 
Coal beds, 170, 189 
Coal fields, 115, 116 
Matanuska, 195 
Umana, 115 

Coal Measure Period (Coal age), 91 , 92 

Coast Range, 192 

Cochkarta, 250 

Cockroaches, 113, 12S, 160 

Coconut, 64 

Cocos sahnn, 198 

Cod, 160 

CODIACEAE, 67 

Coclenteratcs, 57, 62, 69, 72, 307, 315 
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Coelome, 62 
Cockpit urns fittest, 207 
Cocnoptcnds, 100, 101 
Coggui Brown, J , 243 
Cognogeny, 40 
Colbert, EH , 210, 212 
Cole, S , 280, 281 
GtlcOtJm, 179 
Coloq'ittlns, 248 

Colossochelys at! is, 214, 258, 260 
Colpedt \ykn, 84 
Columbia, 196 
Comb ret ace ae, 248 
Conwtes, 248 

COMMEMNACEAE, 249,250 
Compass, 317 
Compositae, 249 
CompsegitatJm, 161, 163 
Conclics, 201 
Condor, 253 
CONTHJtAtxs, 173, 175 

Conifers, 106, 124, 125, 126, 127, 137, 140, 
147, 148, 149, 150, 155, 156, 157, 158, 174, 
195, 197, 198, 246, 292, 308 
Cmoptcns, 150 
Conquest of air, 162 
Conquest of land, 72, 109 
Couulam pmijabuit, 34 
Convergent evolution, 178 
Cooksoiim, 85 

Copper, 294, 296, 2'/?, 300, 301, 306 
implements, 293, 97, 303 
smelting of, 300 
Coral Reefs, 67, 177, 241 
COfiAIimCEAF, 19S 

Corals, 62, 67, 69, 70, 23, 72, 73, 26, 75, 86, 94, 
127, 131, 141, 144, 148, 53, 159, 164, 176, 
177, 181, 200, 202, 205, 207, 217, 241, 
310 

hevacoralla, 69, 127, 141, 159, 164, 203 
octacoralla, 69 
rudistid, 170 

tctracoralh, 69, 127, 141, 144 
Corbicuht, 260 
Corel writs, 249 
Corduattthus zedleri, 106 
Cordaitaus, 105, 124, 157, 307, 308 
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Cordaitcs, 96, 97, 105, 106, 112, 113, 121, 122, 
124, 38, 137 
lact ts, 105 
Cordwpsts, 205 
Corem i intcnnah i, 246 
CoiWACCAE, 175,249 
Cor yJ tits, 195 250,251 
sibmea, 250 
Corylopsis, 249 
Corpus, 198 

CoryiicbactcriKiu dtpltilteri k, 54 
Cor)phodoii, 70 

CORYSTOSPERMACEAE, 134, 140 
Cottou, 286 287, 295, 296, 301, 30a 
American, 2S9 
Asiatic, 286 
Coe>!osiurs, 129 
Cowry, 201 
Crabs, 164, 203 
CRASSUUCEAE 24') 

Crataegties, 174 
Crataegus acanthi, 249 
Cretmtoeonclnts salt) idrensis, lb6 
Creitolhri\, 55 
Creodonta, 215 
Creodonts, 204 216 
Cretaceous Period, 165, 217, 305 
age of, 165 
rocks of, 165 
span of, 165 
Ctick, F H C , 45 

Crinoids, 70 23, 73, 94, 113. 127, 159, 164. 

177, 181, 200, 203, 217, 228 
Crocodiles, 161, 164, 201, 203 
Cnvodilus snalcnsis, 85 
Crocuta, 261 
Cro-Magnon race, 277 
Crossotheea, 102, 103, 140 
Cructftrae, 250 

Crustaceans, 71, 75, 94, 142, 144, 167. 200, 
203, 217 

Ctcnopborcs, 310 
Cucumbers, 305 
Cucumts, 248 
Cucurbits, 248, 249 
Cuddapah sysrem, 58 

Cultivated plants, centres of diversity of, 286 
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centres of origin of, 286, 295, 296 
Central Asiatic, 295 
Mediterranean, 295 
Near Eastern, 295 
Cultivation of crops, 283, 284, 291 
CUPRESSACEAE, 155 
Ctiprcsstnoxyloii, 155, 197 
Custard apple, 289 

Cuttlefishes, 142, 144, 159, 160, 164, 179, 205 

OiueroHius, 84 

Cyanophyceae, 67 

Cyanopiiyta, 308 

Cyatheaceae, 151, 175 

CyathoamUs, 151, 175 

Cyathaphyllum ( Thaimiophyllimi ) miiltizonatum, 29 
Cycadaies, 137, 173 
C)cadcoidea, 149, 153, 154 
dacolensis, 47, 155 
gibsommis, 154 
ingciis, 155, 157 
imrshtana, 47 
Cycadcoids, 136, 153, 173 
Cycadocarptdium, 138, 140 
Cycadophyta, 175 
Cycadopliytes, 148, 150, 155 
Cycadopteris, 151 
Cycadospadi\, 137 

Cycads, 105, 125, 137, 140. 146, 147, 152, 154. 

48, 155, 157, 15S, 174, 195. 196, 307..308 
Cycas, 137, 155 
rewluta, 48, 155 
C]chntlioduidron, 197 
Cydopleris, 82, 134 
pachyrliacis, 39 
Cydos tomes, 88 
CynocephaluSy 261 
Cyiioguatlnis, 133, 143 
Cyuomelra, 198 
Cyperaceae, 250 
Cypraea, 201, 203 
Cypraeidae, 182 
Cyrtandreae, 250 
Cyrtoccras, 71 
Cystoidca, 25, 29 
Cystoids, 23, 127, 144 
Cytosine, 42 
Czekanomskia, 125, 151 


Dacryditini, 156 
Dadoxyhn, 112, 124, 155, 197 
uidiaim, 124 
Dnemopsts, 150 
Dal lake, 239 
Dalbergia, 198, 248 
Dalbergitcs, 174 

D dummies ( Astcropygc ) koraghctisis , 29 
Damuda, 95, 118 
Period, 117 
Senes, 117 
Daonella, 141 
lotnwch, 45 
Danvm, C , 42 
Darwinian pouit, 311 
Dasycladaceae, 67, 198 
Date palm, 296, 301 
Dates, 306 
Dattcus carota, 286 
maxima, 286 
Decapods, 142, 159, 164 
Deccan trap, 38, 165, 166, 57, 167, 184, 186, 
187, 64, 208, 229 
area, 169, 197, 239 
Deer, 204, 208, 216, 253, 279, 304 
brow-intlercd, 262 
Detnollicrmm, 84 
Delhi s>stem, 58 
Delphinium dasycaulon, 248 
Deiidrocystis, 69 
Dcudrocystitcs, 70 
Dcndroids, 72 

Dcoxynbose Nucleic Acid (DNA), 39, 41, 42, 
43, 44, 45, 46, 12, 47, 13, 14, 49, 50, 17, 
307 

Dermocarpa, 56 
xcnococcotdes, 56 
Dos Moraine Scries, 99 
Desnnds, 67 
Deutzia, 249 

Development of embryos, 311 
Devonian Period, age of, 74 
climate of, 75 
landscape of, 27 • 
palaeoscape of, 75, 76 
rocks of, 75 
span of, 74 
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Dhands, 233 

Dliok Patban, fauna, 212 
stage, 204 
Dmthus, 250 
Diaroms, 193, 243 
Diatryma, 203, 67 
Dtbranchs, 142, 159 
Dicerathcrium, 207 
Dufu>phyJ]um moorct, 106 
Dschroa, 249 
Dicotyledons, 303 
cf vdontoptens, 39 
Dicranoph) Hum, 125 
Dicroidtum, 134, 151 
DteiyfitonoiJes cooh, 205 
Dictyophyllum, 133, 151 
Dictyozamtes, 150, 153 
filattus, 50 
indinis, 50 

Dtcy madon, 114, 142 
Didwatu lake, 238 
Diclasma luhrense, 34 
truiicatuin, 41 
Diluvium, 219 
Dnuorphotion, 162 
Dtmorphosiphon, 67 
Dimc/uhys, 76 
Dinofiagellatcs, 47, 48 
Dinosaur Park, 161 

Dinosaurs, 93, 142, 143, 146, 148, 149, 161, 
162, 163, 164, 166, 167, I 70 , 180, 60, 61, 
181,182, 215,261,263,318 
Dinotheres, 191, 206, 207, 218 
Dinotherutm, 207, 209 
209 

Dioon, 195 
Dtplocauhts, 97, 114 
Dtplotiocus, 161 
Diplopora, 198 
Dtplovatchron, 114, 35 
Dipnoans, 142, 160 
Dipteridaceae, 134, 139, 173 
Dipteris, 151 

D&terocarpaceae, 198, 247, 248 
Diplerocarpus, 198 
Dissochdella, 197, 198 
Dodo, 262 
22 


Dog fail, 314 
lower jaw of, 314 

Dogs. 207, 70, 211, 216, 235, 262, 278, 301, 
305, 317 
dingo 262 
Indian panali, 278 
Japanese chow, 273 
modem panali, 301 
Dohfpjbfra, JD4 
Dolichocephalic skulls, 301 
Dohehos, 249 
biflonts, 292, 93 
hi! lb, 303 
Dolphins 234 

Domestic animals, 301, 302, 306 
dmnbunon of wild ancestors of, 281 
Domestic plants, 282 
distnbution of wild ancestors of, 281 
Domestication of animals, 280, 289, 300, 
317 

Donkeys, 254 
Dragon-flies, 113, 128 
Drcpanaspts, 76 
Drepinolepis, 173 
Dreptvtophycus, 84 
Dromocyon, 70 
Drosophila melanogaster, 49 
Dryas octopetala, 246 
Dr>opitheancs, 264 
Dryopif/iccnr, 264, 265 
Dryoxylon, 198 
Dtthchium spathaceum, 246 

Earth, 26, 28, 29 
Earthworm, 63, 310, 315, 316 
brain of, 316 
Ebenaceae, 175 
Echidna, 66 

Echinoderms, 69, 70, 72, 73, 86, 141, 177, 200, 
203, 310 

Echinoids, 127, 141, 144, 159, 164 63, 181 
200,202,205,207,208, 217 
Eclunolatnpas, 207 
/a cquononti, 203 
Echnosphaera, 69, 70 
Etiaphosaurus, 122, 129 
Edentates, 261 
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Edrwaster, 69, 70 
Einkorn, 284 
wild, 284 

Einstein, equivalence principle of, 8 
relativity equation of, 5 , U 
Elaeocarpaceae, 195 
E&tmurpter, i98 
Elatides, 155 
mUiainsomi, 156 
Elatocladus, 150, 155, S2 
plana, 52 
tatemma, 52 
Electnc light, 318 

Elephants, 164, 204, 206, 207, 70, 72, 209, 
213, 214, 218, 2o3, 83, 84, 259 268, 
272, 301, 305 
evolution of, 254 
Etephas, 213, 218, 2o5, 84 
antupius, 214, 252, 258, 261 
itmadteus, 214, 261 
pttmtfrons, 214 
prnmgenius, 2 o 2 
Eleustne coracam , 286, 292, 93 
wdica, 292 
Elk, giant, 89 
Elm, 195, 246 
Elpistostege, 89 
Emmer, 284 
wild, 284 
Empetrum, 250 

Emplectoptens trmguhtru, 123 
Entys natitadteus, 260 
Encephalartos, 154, 157 
Euaoitema, 56 v 

inomllifontte, 56 
Energy, kinetic, 6 
potential, 6 
radiant, 8, 10 

Bigelhardtia, 195, 198, 245, 247 
Enignwcarpon, 198 
Emgmophyton, 82, 86 
Enhanthus, 249 
Enteleles, 127 
Enzymes, 51 

Eocene Epoch, 183, 215, 227 
span of, 183 
Eogy rtnus, 89, 90 


Eohppus, 67, 204, 68 , 215, 253, 257, 318 
Eopleistocene, 219 
Eospermatopteus, 84, 85, 86 , 27 
Eozoon, 39 
Ephedra, 248, 250, 2ol 
Eptcampodon, 142 
Epifuppus, 206 
Epipleistocene, 219 
Equisetaceae, 134 
Equisetales, 121, 122, 124, 157 
Eqmsetites, 121, 122, 134, I 39 , 150 , 157 
platyodon, 134 

Equisetum , 109, 111, 134, 139, 149 , 150 , 157, 173 
pralensc, 110 

Equus, 191,214,75, 218,254 
asinits, 261, 301 
uamadicus, 73, 258, 261 
Erica, 250 
Ericaceae, 175 
Enodendron, 198 

Entesliodendroit, 106, 121, 126, 140, 158 
filtci forme, 40 
Eryma, 164 
Eryops, 90 
Erythnna, 248 
Eucalyptus, 174 
Eukaryotes, 47 

Eomphalus (Schizostoina) oldhtim, 41 
Eupatagus, 205 
Euphorbia, 198, 292 
Euehorbiaceae, 248, 249 
Euphorbias, 249 
Eurydcsma globosttm, 118 
liohartense, 34 

Euryptends, 71, 127, 128, I44 
Eurypterus, 69 
Eustaduan tube, 309 
Evergreen ram forests, 247, 248 
Evolution of animals, diagrammatic repre- 
sentation, 310 

Evolution of plants, diagranumuc repre- 
sentation, 308 
E\aaun, 249 
Exogyra, 159, 178 

Faboidea, 198 
Facaceae, 174 
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foseitta erctica, 248 
Kyis, 193, 1 96, 230 
TanetU r 24S 
Fnasttts fpitamt, 26 
feistmamel, O . 92, 139, 146 

rrf«, 25s 

Wftti dwe<hn, 301 

Ivrm, 85, 86. 96, 100. 101, 104, 107, 10h 
109, 111. 134, 139, 143, 149, 150, 151,’ 
157, 174, 175, 195, 19S, 199,308 
ucc-, 111, 173 
fertilizers, 318 
l'kofh)Umn f 174 
J7w, 174, 196,218 
rijs. 282, 295, 2%, 306 
FlUCAttS, 197 
Filter bridges, 216, 252 
Final Capstan Imlmtr) , 277 
firs, 246 
«1\ cr, 251 

rubes, 75, 28, 86, 87, 88. 89. 94. %. 142, 160 
167, 180, 181, 182, 186. 201. 202, 203. 
207, 276, 277, 279. 309, 313, 314, 
315 

age of, 86, 88 
air-breathing, 313 
bon> , 83, 90, 164, 310 
brain of, 316 
crcmoptcr)gun, 89 

gnstlj , 308 
lung-, 76, 88, 89, 310 
mud-, 88,113 
sw amp-livmg, 313 
rtaMlarta fliusMtt, 195 
rlagrllarcj, 59, 63, 310 
Flat worms, 62 
Flax, 282, 236, 291, 295, 305 
Fleure. H J , 66, 184, 273 
Hies. 160, 179, 226 
Flonn, R , 126 
T fasti i, 82 
Vontautea, 174 
rood sources, 291, 301. 303 
FotiAMJMfWA, 57, 202 

Forauiimfcrs, 60, 68, 127, 141, 159, 164, 165, 
176, 182, 200, 205, 207, 203, 217, 243, 
310 


/ orslelfli i, 248 
Fb\\ 1, jungle, 305 
Fox, CS. 117, 11 8, 232 
roxes. 262, 317 
/ ragaru i, 250 
Fraxisaceac, 175 

fraxmepsit, 141 
tiujer, 138 
/inner, 138 
/ rjvmur, 175 
1 rernter, J H , 50 
rmsrluelh, 77, 78, 308 
itidica 307 
frogs, 114, 167 
brain of, 316 
lower jaw of, 314 
fuMAHIACEAE, 249 
/ uraih $r tmhfer, 138, 140 

Gaj Senes 185, 20-8 

Galaxies, 1. 2, 3. 4. 5. 10 12, 13, 14. 22, 30 
Gamow, G, 7, 8 9, 10 

Gj*i?jmi 'ptau, 96, 97, 102 33, 111, 115, 122, 
124, 38, 125 
c)(bptCTi'ides, 94, 33 

Ganges ns er, 225, 232, 233, 234. 240, 241 
Ganoids, 142, 160, 164 
Garcuna, 198, 248 
G«TnoroD\, 260 

Gastropods, 70. 72, 73, 29, 41, 127. 141. 144, 
159, 164, 177. 181, 182, 200, 201, 203, 
205, 207, 208, 217, 228 
C.astrub, 309 
Genes. 48, 49, 50, 16, 296 
actuation (derepression) of, 49 
inactivation (repression) of, 49 
operator-regulator system, 50 
opiron systems, 50 
Genetic code, 49 

Genetic rcguluory mechanisms, 48 
CcntM/ia, 250 
Gcograph), 297 

Geological Eras, ages and spans of, 36 
Geological Penods, ages and spam of, 37 
Gcraniaceae, 249 
Gwitunt, 250 
Gbaggar riser, 224, 234 
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Ednoaster, 69, 70 
Einkorn, 284 
wild, 284 

Einstein, equivalence principle of, 8 
relativity equation of, S, 11 
Elaeocarpaceae, 195 
Elaeocarpus, 198 
Elatides, 155 
mlluimsotni, 156 
Elatocladtis, 150, 155, 52 
plana, 52 
tenerruna, 52 
Electric light, 318 

Elephants, 164, 204, 206, 207, 70, 72, 209, 
213, 214, 218, 253, 83, 84, 259, 268, 
272, 301, 305 
evolution of, 254 
Elephas , 213, 218, 255, 84 
aiitupius, 214, 252, 258, 261 
uamadiais, 214, 26! 
plamfrons , 214 
prumgemus, 252 
Ekusme coracana, 286, 292 93 
tttdtca, 292 
Elk, giant, 89 
Elm, 195, 246 
Elpistostege, 89 
Emmer, 284 
wild, 284 
Einpetrwn, 250 

Emplectopteris triangularis, 123 
Einys namadiau, 260 
Enccplialartos, 154, 157 
Endonema , 56 N 

montUtforine, 56 
Energy, kinetic, 6 
potential, 6 
radiant, 8, 10 

Digelbardha, 195, 198, 245, 247 
Ettigmocarpon, 198 
Enigmophyton, 82, 86 
Enkianthus, 249 
Enteletes, 127 
Enzymes, 51 

Eocene Epoch, 183 215, 227 
span of, 183 
EogyriMitf, 89, 90 


Eolnppus, 67, 204, 68, 215, 253, 257, 318 
Eoplcistoccne, 219 
Eospcrmatopteris, 84, 85, 86, 27 
Eozoon, 39 
Ephedra, 248, 250, 251 
Epicampodon, 142 
Epthtppus, 206 
Epipleistocene, 219 
Equisetaceae, 134 
Equjsetaik, 121, 122, 124, 157 
Eipnsetites, 121, 122, 134, 139, 150, 157 
platyodon, 134 

Eqmsctum, 109, 111, 134, 139, 149, 150, 157,173 

pratense, 110 

Equus, 191, 214, 75, 218, 254 
asmus, 261, 301 
namadiais, 73, 258, 261 
Erica, 250 
Ericaceae, 17o 
Enodetidron, 198 

Ernestiodendron, 106, 121, 126, 140, 158 
fllicifoniie, 40 
Erywa, 164 
Eryops, 90 
Erythnna, 248 
Eucalyptus, 174 
Eukaryotes, 47 

Etmiphalus ( Sclnzostoina ) otdhaim, 41 
Eupatagus, 205 
Euphorbia, 198, 292 
Eufhorbiaceae, 248, 249 
Euphorbias, 249 
Eurydcsina globosuni, 118 
hobartense, 34 

Euryptends, 71, 127, 128, 144 
Diryptenis, 69 
Eustachian tube, 309 
Evergreen rain forests, 247, 248 
Evolution of animals, diagrammatic repre- 
sentation, 310 

Evolution of plants, diagrammauc repre- 
sentation, 308 
Exactmt, 249 
Exogyta, 159, 178 

Faboidea, 19S 

Facaceae, 174 
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Fugma eretiea, 248 
Fagus, 195, 196, 250 
Farsetta, 248 
Favosites sptltensu, 26 
Feistmantel, O , 92, 139, 146 
Fehs, 258 

octeata domestic#, 301 

Ferns, 85, 86, 96, 100, 101, 104, 107, IDS, 
109, 111, 134, 139, 148, 149, 150, 151, 
157, 174, 175, 195, 198, 199,308 
tree-, 111, 173 
Fertilizers, 318 
Ficophylfom, 174 
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Lotus, 292 
comiculatus, 292, 93 
Lower jaw, 314 
evolution of, 314 
Loxodonta, 84 
Loxomma , 96, 97 
Lucerne, 295, 296 
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Lythbaceae, 249 • 

Lytoccras, 178 
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prntngentiis, 84 

Man, 253, 255, 261, 262, 264, 265, 266, 273, 
276, 309, 311. 314, 315 
Cro-Magnon, 275, 276, 90, 314 
evolution of 263, 264, 265, 315 
Heidelberg, 272, 314 
Java, 265, 272 
lower jaw in, 313 
Mesolithic, 279 


Neanderthal, 265, 2 66, 272, 274, 88, 89, 314 

Neolithic, 246, 283, 292 

OMoway, 265, 266 

Palaeohtluc, 265, 274, 277, 278 

Peking, 266, 268, 269, 272 

pelvis in, 313 

prumtit c, 295 

Rhodesian, 273 

Solo, 273 

Swansconibc, 265, 273 
vestigial structures m 311 
Manasarowar lake, 239 
Manasbal lake, 239 
Manchhars, 185 

Mangclsdorf, P C 285, 287, 288 
Mangijera, 198 
Mints giganlea 261 
Maosaunts, 122 
Marattta, 134 

Marattiaceae, 95 101, 134, 139, 157 
Marattiopsis, 150 
hocrcttsis, 134 
niacrocarpa, 50 
M trgtrtifera fitrnala} ousts, 41 
Mamtbium vulgare, 249 
Mars, 26, 29, 30, 32, 33, 34 
surface of, 30, 8, 9 
MarstJca, 140 
Marsupiaua, 202 

Marsupials, 164, 181, 202, 215, 216, 262. 309 
Alartcs flat ignh, 226 
Martian life, 33 
Martian mana, 33 
Masailostrobtts, 155 
podocarpotdes, 51 
sahnu, 51 
Maser, M. D , 55 
Masttgodadus lanunosus, 56 
Mastodon, 203, 209, 214 
pandtoms, 259 
Mastodonosaums, 97 

Mastodons. 206, 213, 218, 252, 253, 262 
Matonta, 134 
pectmata, 151 

Matoviaceae, 134, 139, 173, 174, 175 
Matomdiwn, 134, 151, 173 
tndiaim, 173, 58 
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Meconopsu, 249 
Afftficdgo, 295 
denticulate, 292, 93 
falcate, 292, 93 
Mediterranean race, 277 
Mcdhcott, H. B , 92 
Mednllosa, 103, 125, 140 
Medvulosaceae, 102 
A feeloccras koninclianuni, 142, 45 
Megaceros, 89 
Megatherium, 213 
Mehteta, 156 
ntpantensis, 49 
santalensis, 51 
Meliaceae, 195, 249 
Mehclm, 249 
Melons, 295, 301, 306 
Mendel’s law, 48 
Menispebmaceae, 174, 175, 195 
Memspemutes, 174 
Memspermuiit, 250 
Mercury, 26, 32 
Mensmopedia, 56 
Merten sues, 134 

Merychippus, 207, 213, 253, 254 
Merycopotams, 209, 212, 214, 218 
dtsstniths, 85 

Mesemhrtoxylon, 155, 198 
Mesohippits, 206, 253, 256 
Mesolithic culture, 279, 283, 302 
Mesomes, 107, 108 
Mesophylluiu, 198 
Mesopotamia, 294, 295, 296, 297 
Mesosattrus, 122 
Mesua, 198 
Metascqttoia, 195 
oeadentahs, 194 
Methanonionas methamea, 54 
Metnorhynchus, 161 
McuroptenJtutn, 122 
Mice, 253, 262 
Micheha, 247 
Micraster, 177 
Mlcrohraclus, 97 
Microcachrys, 156 
Microcystis, 56 
Microlithic Industry , 277 


Mitrophohs stown, 114 
Microptelea parvifoha, 249 
Microscope, 318 
Microtropts, 247 
Mihclites, 165 

Milky Way, 1, 2, 3, 10, 15. 22, 24. 26, 30, 34 
model of, 1 
Miffena, 76 

Millets, 284, 286, 293, 307 
common, 286 
Italian, 286 
Millet! la, 248 
Millipedes, 86 

Miocene Epoch, 183, 215, 257 
span of, 183 
Mtoluppus , 253 
Mioniastodon, 84 
Musky, A E , 44 
Miscellanea vuscella, 205 
Mites, 113 

Mitreola paniculate, 249 
Mittams, 303 
Modiola hdarensis, 34 
Moentlierium, 206, 70, 254, 84 
Moenthenums, 204 
Mohenjo-Daro, 285, 301, 95, 302, 306 
Mohgaosirobtts salinii, 197 
Moira prutiaeva, 207 

Molluscs, 64, 69. 70, 86. 141. 142, 144, 147, 
177, 183, 200, 202, 203, 204, 205, 207, 
208, 235, 261 
Mongooses, 206 
Monkeys, 206, 216. 264, 309 
Monocotyledons, 308 
Monod, ] , 50 
Monotts salutaruty 45 
Monotremes, 164, 262 
Monotropa, 251 
untflora, 249 

Month vahia cormthfornns, 53 
i ignei, 207 

Moon, 29, 30, 295, 318 
surface of, 30, 6, 7 
Mobaceae, 174 
Monm rocks, 146 
Moropus, 207, 72 
Morula, 309 
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Mosasaurs, 160, 164, 62, 181 
Mosses, 132, 308 
Moths, 160, 307 
Mouflon, 289 
Mount Everest, 228 
Moustcrun culture, 274, 275 
Mud banks, 242, 243 
Mulberry, 306 

MuinTUBMCUATA, 144, 202, 203, 213, 
217 

Mtm ?, 301 
Mini}, 237 
Afiirev, 203 

Murtec Senes, 185, 209 
Murrcc thrust, 231 
Musa, 197 
canhotpeniht, 65 
MiischeUalk, 330 
Musk oxen, 208, 252, 258 
Muth pass, 75 
Mynca, 174, 195 
Myricaceae, 174 
Myncarta, 251 
Myrioplijlluiu, 250 
Myrobalan, 301 
Myrsinaceae, 175 
Myrtaceae, 174, 175, 248 
Mytilus, 203 
MrcomvcEAE, 58 

Nagciopsts, 155 
Naunhta lanceolati, 132 
Naim Tal, 239 
Najas minor, 246 
Nal lake, 242 
Naosaiinis, 129 
Nappes, 230. 231 
Nan Senes, 206 
Narmada m cr, 224, 235 
iVjf/wrsfn a l i(o, 173 
Nairas ark la, 205 
Nautlea, 248 

Nautiloids, 71, 73, 141, 1+4 
Xmtilus, 141 

( Hereof I ojsj) chiuai*, 63, 182 
htmigmrcnsts, 53 
tteocenmensis, 182 


Nasdatoli, 301, 302 
Navdatoh-Mahcshu ar, 2s6 
Navigation, 317 
Ncarccis, 120 
Nebula(e), 3, 4, 4 
Coalsack, 3 
Crib, 3, 5, 23 
dark, 3 
galactic, 3 
luminous, 3 
Net work, 3, 2 
Bang, 3, 3 
Nelumbium, 198, 65 
Neimlothallus, 82, 85 
Neobolus martin, 24 
Neocalanulcs, 150, 157 
Ncoccralodus, 83 

Newwiiiffj, 182 

Neogcne Penod, 183 

Neolithic, cultures, 280, 282, 283, 284, 290, 
291, 292, 293, 298, 302 
resolution, 280. 2S1 
Ncohtsea, 198 
sihttu, 65 
Ncomeris, 197, 198 
Neo-pallium, 315 
Nepal valfe} , 240 
Nepeta, 251 
catena, 249 

Neuroptcnduim laUuw, 94 
Neitroptcns, 97, 102, 104 111, 125 
Nc\ adan Ikes olutton, 147 
Ncvasa, 302 
New Brain, 315 
New Stone Age, 283 
Ni/jai, 261 
NtUsmt, 150 
compt i, 155 
prmceps , 50 

Ntlssantopicns t itteti, 154 
Nnuyur stage, 182 
j\’rp<imi>pli) Hum root, 152, 51 
Nipamoruha, 156, 158 
SMiif/im, 51 
iVi patwvylott, 15 2 
Klppomtes, 178 
NOEGGERATinAtES, 101, 102 
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Nocggerath topsts, 124 
hislopt, 94, 33, 137 
Ncvggerathiostrobus, 101 
bohetmcus, 102 
Nordic race, 277 

North Atlantic Continent, 74, 93, 120 
North-Western Continent, 93, 95, 142 
palaeoscape of, 97 
Nostoc punctiformc, 56 
Nostocaceae, 56 
Notharctus, 204 
NothojdffU, 198 
Notothyns maequiphcata, 41 
Nueula, 159 

Nummuhles, 189, 202, 203, 203. 207 
ataacus, 205 
heaumonti, 205 
comphutatus, 205 
intermedins, 205, 207 
laevigatus, 205 
mittalh 205 

Nummulinc limestone, 203, 201, 230 
Nummulmc Penod, 183 
Nunataks, 245 
Nutmegs, 248 
Nymphaea alba, 249 
pygmaea, 249 
Nymphaea ceae, 249 
Nypa, 197, 64 
salmti, 198 
Nypaceae, 195 


Oats, 195, 246, 247, 249, 250, 292 

Ocimum, 249 

Cktoipir., 179 

Odontopteris, 135 

Ogygiles birmaiuais, 25 

Oil age, 318 

Okapi, 203, 209 

Olactneae, 249 

Old Red Sandstone, 75, 28 

Oldham, R. D , 92 

Oldhama, 127 

Oieaceae, 195, 247 

Oleandndium cf sfenoneiiron, 39 

Ohgccarpta, 101 


Ohgocene Epoch, 183, 192, 257 
span of, 183 
Ohgoporella, 19S 
Olive, 286, 296 
Onion, 2S6, 306 
Onobr)chu, 295 
Oitycluopsis parad ixus, 58 
Opann, A 1 , 41 
Operndinj, 208 
Opercuhnes, 203 
Ophiceras sakuntala, 142, 45 
Ophioglosswn, 48 
Opossums, 181, 202, 66 
Oppeha, 159 
Orangs, 312 
Orangutan, 265, 312 
Orbitoides, 176 
OrhtoUna, 176 
Oechtoaceae, 248 
Orchids, 250 
Ordovician Period, 65 
Oreopithecus, 265 
On gin of Land Plants, 76 
Origin of Life, 39-53 
Ongin of Sex, 61 
Ontitluschia, 61 
Ornithomimidae, 182 
Omithopods, 164 
Ortuthosuchus, 133 
Orophocrtnus, 69 
Orths pustuhfera, 25 
0 Dalmenella ) basalts, 26 
{Plectirthts) spttiensis, 26 
Onhoceras, 71 , 141 
Oryctoccphalus salten, 24 
Qsysi,2S7, 
ghberwna, 287 
per emus, 287 
sativa, 287 
OslecLta, 250 
Osallatona, 55, 56, 57, 59 
OsaHAYOBlACEAE, 56, 57 
Osmunda, 111 

Osmundaceae, 134, 157, 175, 194 
Osimindites, 151 
sahmi, 50 

Ojtracoderms, 72, 88, 310 
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Ostracods. 71, 25, 127, 200 
Ostrea. 203, 207 
gryphoides, 208 
lausmguuta, 20S 
multicast ifj, 205 
talpur, 205 
i t/kti, 203 

Oteceras tin ci, 142, 45 
Otozamites, 137, 150, 153 
On fas moschatus, 252 
Oiis, 289 
ammcn, 2S9 
rnunmen, 289 
orient jits, 301 
i ignet, 289 
Owls, 253 

Oxen, 191, 214, 218, 235, 25S, 262, 293, 
317 

Ov}&jj4 ns, 249 
Outers, 178, 205, 208 

Pack) discus, 182 
Piichi^cnii, 142 
Packyptms, 151 
Pacdomorphosis, 315 
-Tjjjicpljjl/nfff, 155, 52, 175 
Palaeoanthropi. 274, 275 
Pjhrecycas, 137 

Palaeolithic, culture, 269, 277, 278, 302 
tools, 269. 271, 278, 299 
Pakeomsteden, 70, 254, 84 
Palaeophonits, 69 
Paheostachya, 99 
Paljcolaxus, 138, 140 
Paheotrajus guadriconus, 211 
Palcocenc Epoch, 183 
span of, 183 
Paleogene Period, 183 
Pihsjya, 138, 140, 156 
Paimae, 175, 195, 198, 248 
PjhnoT) bn anotense, 65 
surauget, 65 

Palms, 167, 194, 195, 196. 197, 198, 67, 247 
Pancftet, Epoch, 95 
group, 114 
hills (Bihar), 124 
Senes, 95, 131, 142 


Pandanaceab, 158, 248 
Pandornta, 61, 63, 78, 309 
Pangaea, 93 

Pangshnra flat sventns, 260 
tecta , 260 

Pamaim tmhaceum, 286 
tnihore, 2S6 
Panjsl thrust, 231 
PanthaJlaa, 93 
Pantothcrcs, 202 
Pantotiieria, 202 
Papaya, 289 

Papiuovaceae, 195, 250 
Paracenoecns ef kumagunense, 54 
Farahppus, 253 
Parallel csolution, 177, 178 
Poramenuni, 60 
Pjraiwlcdus, 124 
Patjpnhems, 264 
Parasmih i, 176, 177 
Parpjtuhus, 142 
Piiroawwrus, 129, 143 
Pzm poI)p!iy!la, 250 
pARKCRMCEAE, 19S 
Parnassta, 250 

Pascoe, t, 186, 191, 224, 226, 234 
pA5sm.ooACE.sr, 175 
Patjuhanun culture, 271 
Peach. 286, 306 
Peake, H , 66, 184, 273 
Pear, 286, 295 
Pearly nautilus, 71 
Peas, 282, 286, 295. 301 
Peccaries, 252 
Peroptms, 101, 134, 150 
coumna , 39 
phcgoptcroides, 32 
Pcetcn, 159, 178, 203, 207 
Pirt!nopfi}f<'», 82 
Pedcukns, 249, 250. 251 
Pigammi hannala, 248 

Pclec>pods, 70, 72, 127, 141, 144, 159, 164 
PELTASPERMACEAr, 134, 135, 140 
Pchcteras kachhenst, 54 
Pelycosaurs, 129, 43 
Pentmnervs oSfongus, 75, 26 
PzNTOxYiAirs, 151, 157, 158 
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Pentoxyleae, 153 
Pentoxyhm, 151, 153 
sflhntt, 150, 153 
People, 304 
Gallic, 277 
Libyan, 296 
Roman, 277 
Nevasian, 292 
Semite, 296 
Perch, 201 
Perim, 212 
Pertophthalmus, 89, 90 
Pcrissodactyls, 204, 208, 2 
Permafrost, 223 
Permian Period, 115 
age of, 115 
span of, 115 
Persca, 196 
Petroleum, 183, 192 
Phacops lattfious, 29 
PllAEOPHYTA, 308 
Phaseohis tutreus, 301 
uiitngo, 301 
PhetiacoJns, 203, 215 
Pherosphaera, 156 
Plnlhpsia, 127 
Phtomia, 84 
Phlebopterts, 134, 175 
Phoetitcopsis, 125 
Phorotus, 63 
Phororhacos, 72 
Pliohnui, 247 
Phyllitcs, 157 
Phylloccras, 159, 178 
disputable, 53 
Phylloceratids, 178 
Phylioids, 107 
Phyllotheca, 112, 124, 134, 
ctheridgei, 139 
utdica, 33 

Pltysa prmscpu, 167 
Picca, 155, 196, 246 
abies, 246 
glatica, 246 
ntartaita, 246 
Ptceox) foil, 155 
Pictograms, 305 


Piggott, S , 302 

Pigs, 191, 204, 206, 211, 215, 252, 266, 278, 
279, 281, 289, 290, 301, 309, 311, 317 
Ptbphorospernta granulatiini, 135 
Pinaceai, 155, 156, 175 
Pineapple, 289 

Pines, 195, 196, 206, 246, 250 
Pimtes, 155, 157 
strobihfonms, 156 
Pinjor, beds, 214 
stage, 214 

Pimis, 175, 195, 196, 246 
15, 216, 217 gerardiana, 248 

roxbitrglni, 248, 251 
saiwegi, 156 
strobus, 156 
waUicluana, 251 
Piper, 195 
Piper aceae, 24S 
Pistachio nuts, 2S6 
Ptstacia, 175 
Pistmt arvettsc, 301, 96 

Pithecanthropi, 263, 265, 268, 272, 274, 275, 
317 

Pithecanthropus, 268 
erectus, 267, 268, 86, 314 
peLinensts, 268, 269, 271 
Pityocladus, 155 
Pit)ospontes antarcticus, 123 
Pilyostrobus crassitesta, 197 
Placenta lamellata, 208 
Placentalfs, 216 
Pt A CENT AHA, 202 
Plaama, 208 
Planana, 62 
Plan era, 194 
Planets, 26, 27, 28 

139, 150, 157 origin of, 26 

Plantago lanceolate, 246 
Platanaceae, 174, 175 
Platamsta gangetica, 233 
Platanus, 174, 175, 196 
Platybelodon, 84 
Plat) cerium, 151 
PIat)pliylliinr, 82 
Pi it) pus, 66 
Pleclranthus, 250 
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Pleistocene, 219, 224 
Epoch, 183, 76 
rocks of, 220 
span of, 183 

Plesiokstes problemltais, 264 
Pieisosaurs, 160, 55, 161, 18! 

Plesiosaurus, 149 
uijiea, 160 

Pleurocapsa mumta, 56 
PlEUROCAPSALES, 56 
Pletiroima, 133, 139 
Pleurotoma, 207 
P/oirofiWwria, 159 
(Phynmtoplcura) uchhaheusts, 4l 
Plica semilunaris, 3 11 
Pliocene Epoch, 183, 215, 216 
span of, 183 
Phohippus, 213, 254 
lad) aims, 74 
Phopithceus, 265 

Plough, 294, 295, 296 297. 30*. 317 
cultivation, 302 
Plueftea, 248 
Plum, 286 

Plumstcad, E P , 123, 124 
Po Scries, 91 

PODOCAREACEAE, 155, 156 
Podocarps, 158 
Podocarpus, 156 
Padoph) Hum, 249 
Podozanntes, 125, 133, 155 
Pod-popcorn, 287, 288 
wild, 288 

Paebrolhcnmn, 255, 256 
Point Cakmcrc, 241 
Polished Stone, Age, 280 
implements, 291, 292, 92, 298, 317 
Polygonum, 250 
POLYPODtACEAE, 194 
Polyponi hundlesMti, 29 
Polyps, 307, 310 
Folyzoa, 181 
Pomegranate, 295, 306 
Pon-de-Gail flora 195 
Pondtchcrr) -Tiruchirapallt sector. 181, 182 
Pontumpemma, C , 43 
Poplar, 195 


Populites, 174 
Populus, 196, 248 
cuphratica, 248 
Porcupines, 252 
Poroxylon, 105 
Post-glaaal age, 219 
Potamogeton, 195, 196 250 
Potato, 287 
Potentilla, 250 
reptcus, 249 
Potentillas, 249 

Pottery, 290, 292, 293, 296 298, 299, 302, 
306, 317 
Pre-fcms, 83 
Pre-ginkgoph> tc, 106 

Prclustonc cultures of India and Pakistan, 29S 
Prep urns, 175 

Primates, 204, 206, 217, 263 264 
Primula, 251 
Printing, 317, 318 
Proangiospcrms, 308 
Pro-avis, 163 
Probosctdae, 218 
Proboscideans, 204, 212 
Procamelus, 72, 256, 257 
Proconsul, 264, 265 
a fr tcans, 266 
PrODUCTIDAE, 127 
Producius ( Dictyoclostu «) genumus, 41 
spitiensis, 34 

Progymnospenns, 83, 308 
Prokaryotes, 46, 47 
Propalnwph) limn hamtutn, 157 
Prophopuhccus, 206, 264, 265 
Prosimians, 217 
Proteaceae, 174 
Pro(eaeph)llum, 174 
Proterozoic Era, 36, 58 
landscape of, 58 
life in, 59 
rocks of, 58 
span of, 58 
Protista, 59 

Proto-Australoid skulls, 301 
Protochordata, 72 
Prolococcus, 78 
Protocnnus, 69 
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Protogalaxies, 14, 16 
Protohycnta, 84 
Prolokpt dodatdron, 84 
Protonteryx, 256 
PROTOPIIYCEAE, 67 
Protoplanetary cloud, 23 
evolution of, 27 
Protoptends, 83, 100 

Protopterus, 88 
Protoretcpora attipla, 34 
Protosalvimas, 82 
Protostars, 16 
Prototixites, 68, 77, 85 

Protozoa, 57, 59, 60, 61, 68, 73, 309, 
315 

Protylopus, 255, 257 
Psaromus, 96, 97, 111, 124 
Pseudomonotis gnesbaclu, 45 
Pseudothcca waigetn, 24 
PseudovoUzta, 121 

hbctma, 126 

Psixophytales, 75, 78, 79. 80 82, 83, 107, 112, 
307 

Psdophytes, 27 
Pstlophyioti, 82 
pnnceps, 79 
Pshopsida, 308 
Psilotaixs, 79 
Psilotum, 80 
triquetrum, 80, 81 

Psycho-soaal evolution, 317, 318 
Psygmophyllum, 82, 112, 121, 124, 125 
Pteranodon, 162, 62 
Pteraspis, 76 

Ptendosperms (seed-ferns), 31, 96, 101, 102, 
104, 105, 111, 113, 115, 121, 122, 123, 
124, 125, 134, 135, 140, 151, 152, 157, 
158, 173, 175, 176, 307, 308 
Ptennea thananiensis, 25 
Pterocarya, 195, 196, 245 
Pterodactyl, 180 

Pterodactyls, 146, 149, 162, 163, 164 
Pterolepts, 76 
Pterohbium uidiaim, 248 
Pterophyllum, 137, 153 
Pterophytes, 173 
Pteropoda, 34 


Ptekopsjda, 308 
Pteruchtis afncamts, 134 
Ptilophylluin, 150, 153 
cutchensc, 49 
Phlozaimtes, 138 
Ptychites cognatus, 142, 45 
Pt)chopana spttteiUis, 24 
Ptychosiagunt, 142 
onentale, 114 
Pulicat lake, 240 
Pumas, 252 
Pumpkin, 289 
Purana rocks, 38, 231 
Pyrenees, 184, 189, 245, 277 
Pirus, 294 

Quasar, 3, 4, 12, 18, 24 
Qttcrcus, 174 195 
serrata, 249 
Quince, 295 

Rabbit-bandicoot, 262 
Rabbits, 253, 262, 309, 311 
brain of, 316 
Raccoons, 252 
Radio, 318 
Radiolaria, 57, 59 
Radiolanans, 68, 127, 141, 159, 164 
Rafiuesquma subdeltoidea, 25 
Ragi, 286, 292 
Radways, 318 
Rajasthan desert, 225 

Rajmahal, bills, 95. 146, 149, 150, 158, 59, 233 
Senes, 146, 156 
Rakas Tal, 239 
Ramapithccus, 218 
brevirostns, 264 
Rameswaram Island, 241 
Rancho La Brea, 252 
Rangifer tarandus, 252 
Ramganj, 95 
Ranikot Senes, 19S, 204 
Rann of Kutch, 237, 238, 239, 242 
Ranunculaceab, 174 
Rtmunculatcarpus, 174 
Ranunculus, 158, 250 
Rat-kangaroo, 262 
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Rats, 266, 279 

brown, 262 

Ravi river, 233, 238 
Recent Epoch, 183 
span of 183 

Red Cherts (Scotland), 80 
Red-shifts, 4, 6 
Redlxhia voethngt, 24 
Refugia, 245 
RegtieUtJttuit, 197 
Reh, 238 

Reindeer, 252, 276, 278 
RcuauUut graaffs, 101 

Reptiles, 94, 113, 114, 115, 42 , 128, 1 29, 142, 
143, 144, 145, 160, 55, 163, 164, 180, 181, 
201, 202, 203, 261, 263, 309, 315 
brain of, 316 
loner jaw of, 313 
Rr-PTitlA, 260 
Retmospontes, 150 
Reuvenan flora, 195 
Rhacophilon, 83 
Rhamnaceae, 174, 17a 
Rhmttus, 175 
RhmphorliYiichus, 149, 162 
Rhcxmihvt, 138, 140 
afncammi, 138 
pnestk) i, 138 
tetraptcroufis, 13S 
Rhnwtthus, 250 
ft/miorcros, 214, 257, 258 
deccanensis, 259 
in credit, 252 
sitahms, 211,73, 85 
Juhi'sb/WJs, 252, 258 
HMirertm, 211, 261 

Rhinoceroses, 204, 205, 206, 207, 70, 71, 209, 
211, 213, 216, 252, 253, 257, 258, 262, 
272, 91, 279, 301, 305 
evolution of, 257, 258 
woolly, 252, 258, 89, 276 
Rhododendron, 247, 250, 251 
orboreunt, 226 
poiitifliMi, 246 
RtiODOrirvcEAr, 67 
Riioeophyta, 308 
R/wfittpinJ/mn rubnmi, 54 
23 


Rh) nc/ioiiella trutodosi, 142, 45 
RmrNCKOVEUACEAE, 177 
Rhyndioyera comphwata, 41 
Rh) luhothcnunt, 84 
R/ijma, 75, 76, 80, 82 
gu’ymic-vaHghamu, 79, 80 
/ 15 mm, 80 
major, 79 

Ribose Nucleic And (RNA), 39, 41, 43, 46, 
49, 50, 307 
Ribosome, 49 
Rtcciopsis flormti, 132 

Rice, 251, 284, 286, 287, 2 92, 296, 30 1, 96, 307 
husks, 93 
spikclets of, 96 
Richtliofi nut, 127 
Rig Veda, 304 
Rnncll/s fi/soidcs, 205 
Ris, H , 47 
Rnuhna, 59 
Rjvulariaceae, 56 
Rocketry, 318 
Rockies. 192, 196 

Rocky Mountains Res'ol ution, 168, 170 
Redetirs daislunn, 197 

Rodents, 202, 203, 206, 215, 217, 261, 262, 
268 

Roger sut, 174 
Rosr, 251 

Rosaceat, 174, 175, 249 
Rotaha, 208 

Roundworms, 62, 64, 310 
Rubber, 289 

Rubiaceae, 247, 248, 249 
Rubiis, 195, 250 
fmneosus, 249 

Ruminants, 208, 213, 214, 258 
Rupar (Punjab), 299, 300, 304 
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Stylaraea kanaurettsis, 26 
St)Una lachensis, 53 
Styracotheutis orientahs, 205 
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Tanncchmis rottsseaut, 207 
Teinpshjfl, 173, 175 
Tempskyaceae, 173, 175 
Tercbra crcmtian, 207 
rtariia, 207 

Terebratuiacea, 177 
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Urochordatcs, 87 

Ursus ( Helarctos ) namadteus, 260 

Usar, 238 

Utatur stage, 181 

Vaccumm bracteatum, 249 
Valebianaceae, 250 
VahmuLam Bay, 241 
Valltsnena, 250 
Varkala, 242 



INDEX 


359 


Vatica, 248 

Vavilov, N f , 284, 286 
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